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ABSTRACT 
 During the last deglaciation (ca. 24-10 ka thousand years ago (ka)), the North American 
Laurentide Ice Sheet (LIS) was a major source of meltwater to the Arctic Ocean, North Atlantic 
Ocean, and the Gulf of Mexico (GOM), and it is hypothesized that meltwater routing played an 
important role in regulating Late Quaternary millennial-scale climate variability, via its influence 
on Atlantic Meridional Overturning Circulation (AMOC). For example, the meltwater routing 
hypothesis predicts that a rerouting of meltwater from the GOM to the North Atlantic and/or 
Arctic Oceans resulted in a decrease of North Atlantic Deep Water (NADW) formation and 
subsequent cooling in the northern North Atlantic region, at the onset of the Younger Dryas (ca. 
13 ka). The GOM was an important outlet for meltwater that likely originated from the southern 
margin of the LIS. Northern GOM sediments document episodic LIS meltwater input via the 
Mississippi River throughout the last deglaciation, and further study may provide insight to the 
evolution of LIS deglaciation and the hydrological response of meltwater flux to the marine 
depositional environment of GOM. Here, a multi-proxy geochemical study, based on marine 
sediments from Orca Basin, in northern GOM, aims to 1) reconstruct high-resolution records of 
deglacial (ca. 24-10 ka) LIS melting history to assess linkage between meltwater input to the 
GOM and deglacial climate change; 2) investigate the relationship between marine-based records 
of meltwater input and terrestrial evidence for continental deglaciation to reconstruct LIS 
drainage patterns within the Mississippi River watershed; and 3) reconstruct the redox state of 
Orca Basin sediments to evaluate the potential role of turbidity flows as a means of meltwater 
transport into the northern GOM. All data for this study is from core MD02-2550, a 9.09 m long 
 x 
giant box core, recovered from 2248 m water depth from the Orca Basin, approximately 300 km 
southwest of the modern Mississippi River delta. High sedimentation rates (45 cm/thousand 
years (kyr)) and 0.5 to 2 cm sampling resolution allow for sub-centennial sampling resolution. 
An anoxic hypersaline brine lake currently occupies the bottom 200 m of Orca Basin; yet, visible 
laminations and color changes that suggest episodic suboxic to anoxic sedimentary conditions 
during deglaciation, possibly related to LIS meltwater input and/or local biologic productivity.  
 In chapter one, paired δ18O and Mg/Ca-sea-surface temperature (SST) analyses on two 
varieties of the surface-dwelling planktic foraminifera, Globigerinoides ruber (G. ruber; (white 
and pink, separately)) are used to reconstruct deglacial changes in GOM seawater δ18O (δ18Osw). 
Once corrected for global ice volume, the ice volume-corrected δ18Osw (δ18Oivc-sw) record is 
primarily influenced by LIS meltwater. δ18Oivc-sw records document negative excursions at ca. 
19-18.2, 17.5-16.2, 15.3-14.8, and 13.7-13 ka, interpreted as four LIS melting events, followed 
by the cessation of meltwater at the onset of the Younger Dryas (12.9 ka). Additionally, LIS 
melting at ca. 17.5 ka suggests that enhanced seasonality in the North Atlantic produced mild 
summers sufficient for ice sheet retreat during the Mystery Interval (17.5-14.5 ka) despite 
extremely cold winters.   
 Because of the inherent difficulties in quantifying meltwater flux using δ18Oivc-sw data, 
foraminiferal (G. ruber) Ba/Ca data are generated in chapter two to assess the influence of LIS 
meltwater on GOM salinity (a function of meltwater flux) during deglaciation. Ba concentrations 
in the Mississippi River are elevated relative to GOM seawater and are negatively correlated to 
sea-surface salinity. Because foraminiferal Ba/Ca (Ba/Caforam) exhibits a predictable relationship 
to the Ba/Ca of seawater (Ba/Casw), it may be used to calculate changes in salinity arising from 
deglacial variations in Mississippi River discharge. A complicating factor for Ba/Ca-based 
 xi 
salinity interpretations is that Ba concentrations vary spatially throughout the Mississippi River 
watershed.  For example, modern Missouri and Upper Mississippi River Ba concentrations (633 
and 436 nM, respectively) are higher than that of the Ohio River (253 nM).  Thus, GOM Ba/Ca 
variability could reflect changes in total Mississippi River input and/or shifts in the dominant 
region of LIS melting. Applying the modern spatial variability of Ba, we can gain insights into 
the pattern of ice retreat along the southern margin of the LIS during the last deglaciation.   
 δ18Oivc-sw and Ba/Ca results suggest that meltwater, originating from the Great Lakes 
region, entered the GOM at ca. 19.0 ka and may have contributed to global sea level rise.  A 
melting event at ca. 17.5 ka coincided with Lake Erie Lobe retreat and may have preconditioned 
the North Atlantic for AMOC instability during the Mystery Interval (ca. 17.5-14.5 ka). Elevated 
GOM Ba/Ca (ca. 15.6 to 14.0 ka) suggests greater meltwater input from the Ba-rich Missouri and 
Upper Mississippi River watershed during the second half of the Mystery Interval (ca. 16.1-14.5 
ka), when wet climate conditions prevailed in the southwestern United States and Central 
America.  Overall, Ba/Ca and δ18Oivc-sw data suggest large variations in the delivery of meltwater 
to the Mississippi River and GOM during the last deglaciation. 
 In chapter three, a suite of redox sensitive trace metals (Mo, Re, U, Mn) from bulk 
sediment samples are analyzed to reconstruct the redox state of Orca Basin sediments, from the 
Last Glacial Maximum through the early Holocene (24-7 ka). Variations in the redox state of 
Orca Basin sediments during deglaciation may be due to changes in local biologic productivity, 
sediment transport, and/or regional/global physical oceanography. Laminated sediments enriched 
with authigenic Mo, Re, and U, suggest suboxic to anoxic conditions coincident with high total 
organic carbon fluxes and LIS meltwater input at ~17.0 ka. Low authigenic trace element 
concentrations, high quantities of terrigenous material, and abundant Cretaceous-age 
 xii 
nannofossils in a 19-cm homogenous interval indicate a turbidite in Orca Basin at ca. 14.4 ka. 
This stratigraphic unit correlates with evidence from Pigmy Basin, and the Louisiana Shelf, 
suggesting increased meltwater flux may reflect LIS contribution to Meltwater pulse 1a (MWP-
1a) sea level rise. Trace element records coupled with analyses of Orca Basin sedimentary 
structures will likely improve understanding of deglacial water column stratification, how 
meltwater entered the GOM (i.e. as a buoyant cap or at depth via sediment-laden hyperpycnal 
plumes), and the affects of glacial meltwater on marine biologic productivity. 
 1 
 
 
 
 
 
CHAPTER 1. SEASONAL LAURENTIDE ICE SHEET MELTING DURING THE  
 
“MYSTERY INTERVAL” (17.5-14.5 KA) 
 
1.1 Note to reader 
 This chapter is published in Geology, October 2012, v. 40; no.10; p. 955-958 (doi: 
10.1130/G33279.1), and has been reproduced with permission from the Geological Society of 
America under its “fair use” policy (see Appendix A). C. Williams (first author) 
generated/analyzed data, prepared manuscript and supplemental information, with useful 
discussions and editing from co-authors Benjamin P. Flower and David W. Hastings. C. 
Williams developed analytical methods for data generation and analysis, with technical support 
from David W. Hastings. 
 
1.2 Abstract 
 The last deglaciation in the Northern Hemisphere was interrupted by two major stadials, 
the Mystery Interval (17.5-14.5 ka) and the Younger Dryas (12.9-11.7 ka).  During these events, 
the North Atlantic region was marked by cold surface conditions yet simultaneous glacier and 
snowline retreat.  Re-routing of LIS meltwater from the GOM to an eastern or northern spillway 
may have reduced AMOC at the onset of the Younger Dryas.  However, this hypothesis has not 
been tested for the Mystery Interval.  Paired Mg/Ca and δ18O measurements on foraminifera 
from laminated Orca Basin sediments in the GOM, constrained by 35 14C dates, document the 
timing of meltwater input with subcentennial resolution.  Isolating the δ18O of seawater (termed 
δ18Oivc-sw) reveals three major melting episodes from ca. 17.5 ka until 12.9 ka, followed by a 
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rapid cessation, consistent with meltwater re-routing at the onset of the Younger Dryas.  
Conversely, inferred meltwater flow to the GOM during the Mystery Interval does not support a 
simple routing event, but is consistent with glacier and snowline retreat.  We suggest that 
summer melting of Northern Hemisphere ice sheets during this stadial may have been an 
important mechanism for enhanced winter sea-ice formation, hypercold winter conditions, and 
enhanced seasonality in the North Atlantic region. 
 
1.3 Introduction 
 One of the puzzling features of the last deglacial sequence is evidence for low δ18O 
values in Greenland ice core records during Heinrich stadial 1 (17.5-14.5 ka) that suggest mean 
annual air temperatures colder than Last Glacial Maximum conditions (Rasmussen et al., 2006), 
despite simultaneous snowline retreat and major mountain glacier recession recorded in East 
Greenland, northern Europe, and North America. During this interval, Atlantic SSTs exhibited 
extreme cooling (Bond et al., 1992; Bard et al., 2000) and AMOC was significantly reduced 
(McManus et al., 2004). In addition, high concentrations of ice-rafted debris found in northern 
North Atlantic sediments mark a rapid ice-calving event known as Heinrich Event 1 (centered ca. 
16.8 ka) (Bond et al., 1992; Hemming, 2004). 
However, atmospheric CO2 and eustatic sea-level rise indicate deglacial warming 
throughout this interval (Fairbanks, 1989; Monnin et al., 2001). Modeling studies and continental 
proxy data, including temperature reconstructions inferred from fossilized beetle assemblages in 
the British Isles, suggest extreme seasonal conditions in northwest Europe that also included 
moderate summers (Atkinson et al., 1987; Renssen and Isarin, 2001). The abundance of 
seemingly contradictory climate records from the North Atlantic region may be reconciled by 
 3 
inferring that reduced mean annual temperatures were primarily driven by hypercold winter 
conditions and winter sea-ice formation, resulting in enhanced seasonality during what is often 
referred to as the “Mystery Interval” (17.5-14.5 ka) (Denton et al., 2005). 
Previous research suggests that a decrease in AMOC may be linked to a switch in LIS 
meltwater flow from the southern outlet through the Mississippi River system to an eastern or 
northern location into the North Atlantic and/or Arctic Oceans at the onset of abrupt cold events 
(Broecker et al., 1989; Clark et al., 2001; Tarasov and Peltier, 2005). This hypothesis raises the 
questions, to what degree was the LIS retreating during the Mystery Interval, and was the 
Mystery Interval caused by a switch in meltwater routing, as postulated for the Younger Dryas? 
Deglacial LIS meltwater has been documented in the GOM as negative foraminiferal 
δ18O excursions. Globigerinoides sacculifer from deep-sea sediment cores recovered in the 
western GOM exhibit low δ18O values (<2‰) during the Bølling-Allerød (Kennett and 
Shackleton, 1975). G. ruber (white) δ18O data from the Orca Basin in the northern GOM (core 
EN32-PC6) closer to the Mississippi River outflow also revealed multiple negative excursions 
(Leventer et al., 1982). Paired Mg/Ca and δ18O values from core EN32-PC6 exhibited 
anomalously low δ18Osw values suggesting glacial meltwater flow until the onset of the Younger 
Dryas (Flower et al., 2004). Negative δ18O excursions in benthic and deep-dwelling planktic 
foraminifers from the upper Louisiana slope also support meltwater input to the GOM near the 
onset of the Bølling-Allerød in the form of hyperpycnal flows (Aharon, 2006). 
Existing GOM records lack the temporal resolution and age control to assess the detailed 
history of episodic LIS melting and its relationship with the Mystery Interval. Here, we present 
two independent reconstructions of ice-volume corrected δ18Osw with mean sampling resolution 
of 35 yr from 18.4 to 10.8 ka. Our data are not consistent with a simple “on-off” meltwater 
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switch throughout the last deglaciation. Furthermore, we find evidence for two significant 
episodes of meltwater input during a period of extreme cooling in Greenland and the North 
Atlantic region. We suggest that summer meltwater input was linked to global deglacial warming 
and enhanced seasonality in the North Atlantic region, and that routing events were not the only 
drivers of deglacial AMOC variability. 
 
1.4 Methods 
The Orca Basin is located ~300 km southwest from the current Mississippi River delta, 
and has an anoxic brine pool (salinity >250) that preserves a laminated sediment record of GOM 
paleoceanography. High accumulation rates (40 cm/kyr) allow for high-resolution sampling, and 
abundant pteropod tests plus foraminifera with intact spines suggest negligible carbonate 
dissolution. 
Core MD02-2550 (26°56.78’N, 91°20.75’W, water depth 2248 m) was sampled every 
0.5 cm from 311 to 466 cm, and every 1 cm to 622 cm. Planktonic foraminifera G. ruber (white 
and pink, separately; >60 individuals from the 250-355 µm size fraction) were analyzed for 
Mg/Ca (Williams et al., 2010) and δ18O using standard techniques (Figure B.1). Accelerator 
mass spectrometry 14C dates (n=35) from G. ruber (white and pink varieties) between 308 and 
650 cm provide the chronological control (Williams et al., 2010) (Figure B.2). We isolate 
changes in δ18Osw by removing the effects of temperature (using Mg/Ca-SST) and global ice 
volume (Schrag et al., 2002; Stanford et al., 2011) from the G. ruber δ18O record. Compounded 
error on resultant ice volume corrected δ18Osw (termed δ18Oivc-sw) is ±0.28‰. 
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1.5 δ18Oivc-sw results 
G. ruber (white and pink) records display similar negative δ18Oivc-sw excursions of 1‰-
4‰ through the last deglaciation that suggest episodic LIS meltwater input (Figure 1.1). At least 
three major negative excursions are seen in the G. ruber (white) δ18Oivc-sw record, at 17.5–16.2 
ka, 15.3-14.8 ka, and 13.7-13.0 ka (minimum values -1.25‰, -1.50‰, and -3.14‰, 
respectively). The G. ruber (pink) δ18Oivc-sw  records negative excursions at 17.0-16.3 ka, 15.6-
14.8 ka, and 13.7-13.0 ka (minimum values -1.19‰, -2.14‰, and -3.10‰, respectively). 
Although the trend toward more negative values suggests peak meltwater flow during the 
Allerød (ca. 13.7 ka), this finding rests on the assumption of a constant LIS δ18O end member 
(Mix and Ruddiman, 1984). G. ruber (pink and white) record a >4‰ increase in δ18Oivc-sw to near 
modern values (1‰) (Fairbanks et al., 1992) at the Allerød-Younger Dryas transition (ca. 12.9 
ka), termed the Cessation Event (Broecker et al., 1989). 
δ18Oivc-sw shifts are too large to be explained by evaporation-precipitation and river water 
variability (Flower et al., 2004), and must reflect input of isotopically depleted (-25‰ to -35‰) 
meltwater (see Appendix B). Glacial Lake Agassiz was a likely contributor to LIS meltwater 
flow after its inception at 11,810 14C yr B.P. (ca. 13.67 ka) until the southern outlet of Lake 
Agassiz was abandoned and lake levels dropped (maximum age: 10,675 ± 60 14C yr B.P.; ca. 
12.7 ka) (Fisher et al., 2008). As our G. ruber δ18Oivc-sw records cannot distinguish Lake Agassiz 
water from LIS input, we interpret the δ18Oivc-sw record as influenced by all freshwater flow to 
the Mississippi River drainage basin. 
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Figure 1.1 Proxy records indicate meltwater flow to the GOM during the Mystery Interval, prior 
to Bølling warming. A: Temperature reconstructions inferred from fossilized beetle assemblages 
(Atkinson et al., 1987). B: δ18Oice from NGRIP (Rasmussen et al., 2006). C: 231Pa/230Th, a proxy 
for AMOC (McManus et al., 2004) recalibrated with the Marine09 calibration (Williams et al., 
2010). D: Summer insolation at 65°N (Laskar et al., 2004). E: G. ruber (white) δ18Oivc-sw (this 
study). F: G. ruber (pink) δ18Oivc-sw (this study). Black triangles on x-axis indicate radiocarbon 
age control data points. YD-Younger Dryas. B-A- Bølling-Allerød. MI-Mystery Interval. H1-
Heinrich Event 1. VSMOW- Vienna Standard Mean Ocean Water. 
 
Evidence suggests that high salinities (> 35 psu) may elevate G. ruber Mg/Ca-SST values 
by 4%-27%, which may skew δ18Oivc-sw results (Lea et al., 1999; Arbuszewski et al., 2010). 
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However, meltwater input during the deglacial sequence likely decreased surface salinity, 
minimizing its effect on Mg/Ca (Williams et al., 2010). Our data exhibit no correlation between 
Mg/Ca values and δ18Oivc-sw values. In fact, two large increases in δ
18Oivc-sw centered ca. 12.9 ka 
and 15.8 ka are not accompanied by an SST increase in G. ruber (white or pink) (Figure 1.2). 
 
 
Figure 1.2 Intervals of intensified seasonal conditions, inferred from G. ruber (white and pink) 
records. A: NGRIP (Rasmussen et al., 2006). B: MD02-2550 G. ruber (white) (black line) and 
G. ruber (pink) (gray line) Mg/Ca-SST (°C) (Williams et al., 2010). C: MD02-2550 (this study) 
G. ruber (white) (black line) and G. ruber (pink) (gray line) δ18Oivc-sw. The horizontal dotted line 
represents the modern δ18Oivc-sw (approximately 1‰). Shaded areas indicate increased contrast 
between G. ruber (pink and white) records.  
 
Recent research suggests that G. ruber (white and pink) are seasonally decoupled in the 
northern GOM (Williams et al., 2010; Richey et al., 2012). Plankton tows and sediment trap 
studies suggest that while G. ruber (white) lives year round, G. ruber (pink) is a nonwinter 
species (Tolderlund and Bé, 1971). Zero-age core top G. ruber (white) from the nearby Pigmy 
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Basin yield Mg/Ca-SST values of 25.4 °C, equivalent to modern GOM mean annual 
temperatures. In contrast, G. ruber (pink) Mg/Ca-SST values (27.0 °C) exhibit a summer-
dominated signal (Richey et al., 2012). 
 
1.6 Meltwater routing during the early deglaciation 
One stratigraphic test of the meltwater routing hypothesis (Broecker et al., 1989) is to 
compare the timing of meltwater cessation in the GOM to the onset of stadial conditions during 
the last deglacial sequence. Numerous ocean circulation proxies including 231Pa/230Th, Cd/Ca, 
and δ13C indicate major AMOC reductions during the Younger Dryas and Mystery Interval 
(Boyle and Keigwin, 1987; McManus et al., 2004) (Figure 1.1). Although subtle differences 
between records exist, this agreement is striking given the secondary controls that complicate 
each proxy (Keigwin and Boyle, 2008). As an example, we compare our δ18Oivc-sw meltwater 
records to a rapid AMOC decrease, inferred from high 231Pa/230Th values during the Younger 
Dryas (McManus et al., 2004); 231Pa/230Th is closely associated with high δ18Oivc-sw values, 
consistent with meltwater routing away from the GOM. Furthermore, δ18Oivc-sw values reach the 
modern δ18Osw value of 1‰; this is interpreted as a complete cessation of meltwater to the GOM. 
Extension of the routing hypothesis to the early deglacial interval predicts meltwater 
routing away from the GOM during the Mystery Interval when AMOC was also reduced (Figure 
1.1). However, simultaneous meltwater input to the GOM from 17.5 to 16.2 ka (this study) and 
North Atlantic at Heinrich Event 1 (Bond et al., 1992) indicates that simple routing events cannot 
explain all deglacial AMOC changes. Rather, we speculate that meltwater flow to both the GOM 
and the North Atlantic from the LIS and other Northern Hemisphere ice sheets was necessary for 
AMOC reduction. Multiple records based on northern North Atlantic sediments provide evidence 
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for melting episodes originating from the Barents Sea, Fennoscandian, and Laurentide ice sheets 
before the onset of the Bølling (Bond et al., 1992; Fairbanks et al., 1992). Furthermore, 
meltwater input to the GOM spanning Heinrich Event 1 (this study) supports the idea that low-
salinity meltwater preconditioned the North Atlantic for AMOC changes via the Gulf Stream 
system (Otto-Bliesner and Brady, 2010). Although a sharp positive δ18Oivc-sw excursion from 
16.2 to 15.3 ka raises the possibility that meltwater flow stopped or was briefly routed away from 
the GOM during the coldest part of the Mystery Interval following Heinrich Event 1, existing 
data are insufficient to resolve a brief AMOC change during this interval of reduced AMOC 
(McManus et al., 2004). 
A recent modeling experiment showed that a nearly instantaneous stoppage of meltwater 
to the North Atlantic at 14.67 ka is required to produce a rejuvenation of AMOC and rapid 
temperature increase in Greenland ice core records at the onset of the Bølling-Allerød (Liu et al., 
2009). Our G. ruber δ18Oivc-sw data provide no evidence for a sudden onset of meltwater flow to 
the GOM ca. 14.67 ka, which would be expected in a southward routing event. Instead, 
continuous meltwater input is seen to the GOM from at least 15.3 ka through the Bølling. There 
is evidence for a brief pulse of terrigenous input ca. 14.55 ka based on sedimentology data 
(Meckler et al., 2008) during an interval of low foraminiferal abundance in core MD02-2550. 
However, the lack of a clear on-off switch between North Atlantic and GOM meltwater flow 
indicates that the linkage between abrupt climate change and routing events is not simple. 
 
1.7 Seasonal LIS melting and enhanced seasonality 
Our G. ruber (white and pink) δ18Oivc-sw records indicate two significant episodes of LIS 
melting during the Mystery Interval, centered ca. 16.6 ka and 15.1 ka, which suggests that 
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temperatures were sufficiently high to allow for summer melting of the LIS well before the onset 
of the Bølling-Allerød warm period. We speculate that Northern Hemisphere ice sheet melting 
was driven by rising solar insolation, likely amplified by greenhouse gases. In addition, warming 
of the tropics may have contributed to early ice sheet melting and sea-level rise (Rodgers et al., 
2003). 
Summer melting of circum-North Atlantic ice sheets likely produced a freshwater lens, 
which may have led to the expansion of winter sea ice, derived in part from meltwater input the 
previous summer. Northern North Atlantic climate was likely intensified by higher albedo due to 
the sea ice and reduced oceanic influences, which amplified seasonal conditions and produced 
extremely cold winters. These hyper-cold winters were further intensified by reduced AMOC 
through positive feedbacks associated with winter sea-ice cover, including increased 
continentality and isolation of Greenland. It is interesting that seasonal melting caused by 
deglacial warming may have contributed to extreme stadial conditions during the Mystery 
Interval. 
In the GOM, three distinct intervals of contrast between G. ruber (pink and white) 
δ18Oivc-sw and SST values during the late glacial (ca. 18.4-17.5 ka), part of the Mystery Interval 
(16.2-15.3 ka), and Younger Dryas (12.9-11.7 ka) provide further insight to the importance of 
seasonal melting (this study; Williams et al., 2010) (Figure 1.2). Although G. ruber (white) 
δ18Oivc-sw reaches modern values of 1‰, suggesting a nonsummer cessation of meltwater input, 
the G. ruber (pink) record suggests continued summer LIS melting. These three intervals of 
summer melting seem to correspond only to the coldest phases of stadials in the North Greenland 
Ice Core Project (NGRIP) record. In contrast, G. ruber (white and pink) δ18Oivc-sw values were 
nearly identical during a subtle warming in NGRIP temperatures ca. 17.5-17 ka, as well as the 
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Bølling-Allerød and early Holocene (Rasmussen et al., 2006). We speculate that melting was less 
restricted to summer months during the latter periods. Summer meltwater of the LIS during 
stadials is consistent with the seasonality hypothesis of Denton et al. (2005) and may have 
provided a mechanism to enhance seasonality in the North Atlantic region by fostering winter 
sea-ice formation and reducing AMOC (see Appendix B). 
 
1.8 Summary and conclusions 
δ18Oivc-sw data sets, derived from paired G. ruber (white and pink, separately) δ
18O, and 
Mg/Ca-SST analyses and combined with excellent accelerator mass spectrometry (AMS) 14C age 
control, provide the first detailed assessment of meltwater flow to the GOM spanning the 
Mystery Interval and the Younger Dryas. Low δ18Oivc-sw values from ca. 17.5-14.5 ka indicate 
LIS melting during the Mystery Interval, when nearby Greenland air temperatures and North 
Atlantic SSTs were cold. 
Thus, stadial summers were sufficiently warm for the generation of meltwater, which may have 
enhanced winter sea-ice formation, reduced AMOC, and fostered hypercold winters. Inferred 
meltwater input from the LIS is consistent with snowline retreat and mountain glacier recession 
in East Greenland, northern Europe, and North America, and supports the hypothesis of 
enhanced seasonality in the northern North Atlantic region during the Mystery Interval. 
Simultaneous meltwater input to the North Atlantic and GOM spanning Heinrich Event 1 (ca. 
17.5-16.5 ka) suggests that simple on-off routing events are not the only drivers of AMOC 
changes and that both routes may be required for major AMOC reduction. Overall, glacial 
meltwater played an important role in AMOC variability, North Atlantic climate, and the genesis 
and seasonality of millennial-scale climate changes during the last deglaciation. 
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CHAPTER 2. THE DEGLACIAL RETREAT OF THE LAURENTIDE ICE SHEET’S 
 
SOUTHERN MARGIN: MELTWATER PROVENANCE INSIGHTS FROM THE GULF  
 
OF MEXICO 
 
2.1 Abstract 
During the last deglaciation, LIS meltwater input to the GOM may have impacted AMOC 
via low salinity waters transported within the Gulf Stream. The δ18Osw, reconstructed using 
planktic foraminifers, is used to document episodic meltwater input to the GOM throughout the 
last deglaciation. However, because the δ18O of freshwater input is not well known, the 
magnitude of meltwater input and salinity variability is poorly constrained throughout the 
deglacial sequence, making it difficult to access linkages to AMOC. To investigate the deglacial 
response of the southern margin of the LIS, the impact of meltwater on the GOM, and the 
influence of GOM meltwater events on the AMOC, we measured Ba/Ca, Mg/Ca and δ18O in 
planktic foraminifera (G. ruber) from a high-resolution (45 cm/kyr) sedimentary sequence (core 
MD02-2550), recovered from Orca Basin (2248 m water depth) in the northern GOM. Ba/Caforam 
is linearly related to the Ba/Casw, which is affected by continental runoff. Because Mississippi 
River dissolved Ba concentrations ([Ba]fw) are elevated, relative to GOM seawater ([Ba]sw) 
(>250 vs. 82 nM), Ba/Caforam is used as a proxy for Mississippi River discharge. Due to the 
spatial variability of [Ba]fw in tributary rivers within the Mississippi River watershed, 
reconstructed GOM Ba/Casw also enables us to model drainage patterns of the LIS southern 
margin during the last deglaciation. Overall, our Ba/Casw and δ18Osw data suggest large variations 
in the delivery of meltwater to the Mississippi River and GOM during the last deglaciation, and 
 16 
that this could have impacted both regional hydrology and global atmospheric and oceanic 
circulation. 
 
2.2 Introduction 
Meltwater from the LIS may have played an important role in forcing deglacial climate 
during the Late Quaternary, via its influence on AMOC (Johnson and McClure, 1976; Rooth, 
1982; Broecker et al., 1989; Carlson and Clark, 2012). Presently, warm saline Gulf Stream 
waters flow north from the GOM to the Labrador and Norwegian Seas, where they cool and sink 
to form North Atlantic Deep Water (NADW), the southward flowing limb of the AMOC. It is 
hypothesized that meltwater input to the North Atlantic during the last deglaciation slowed 
and/or shut down NADW formation, resulting in millennial-scale cooling of the northern North 
Atlantic, expansion of boreal sea ice, and southerly migration of the Intertropical Convergence 
Zone (ITCZ) (Broecker et al., 1985; Broecker et al., 1989; Manabe and Stouffer, 1995; Clark et 
al., 2001; Otto-Bliesner and Brady, 2010).  
Global climate model simulations indicate LIS meltwater influx to the GOM was capable 
of reducing AMOC strength during the last deglaciation (Otto-Bliesner and Brady, 2010). While 
freshwater input to the GOM is only half as effective as injection into the subpolar North 
Atlantic, a flux as low as 0.28 Sv over 100 years leads to a reduction of northward heat transport 
in Atlantic and produces extensive sea ice buildup, consistent with proxy data (Otto-Bliesner and 
Brady, 2010) and increased northern North Atlantic seasonality during stadial events, as 
proposed by Denton et al. (2005).  These sensitivity experiments contradict a fundamental idea 
proposed by Clark et al. (2001) that AMOC strength was controlled by continental routing of 
meltwater between the North Atlantic and the GOM via the Mississippi River, and suggest that 
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freshwater input to the GOM may have played a larger role in forcing deglacial climate than 
previously considered.  
Currently, high resolution marine proxy records indicate episodic meltwater input to the 
GOM beginning at ca. 17.5 ka (Williams et al., 2012), but do not extend further back in time to 
assess the possibility of earlier melting events, as suggested by glacial moraine and other 
continental records (Curry, 2008; Curry et al., 2010; Lowell and Curry, 2011). This meltwater 
was likely sourced from the LIS southern margin, which was highly sensitive to summer 
insolation and seasonal precipitation changes (Bromwich et al., 2005; Carlson and Winsor, 
2012). Most evidence for ice sheet retreat suggests a lag relative to the initial increase in boreal 
summer insolation (ca. 23 ka); yet, the southern LIS margin likely deglaciated earlier due to 
warmer conditions/lower latitudes, and thus, is a key component to understanding the 
relationship between ice sheet melting/meltwater flux to the GOM, glacial terminations and 
AMOC vigor (Clark et al., 2009; Carlson and Winsor, 2012). 
Reconstruction of the local δ18Osw using planktic foraminiferal δ18O and Mg/Ca is a 
standard approach developed by paleoceanographers used to identify the timing of meltwater 
input to the GOM and global oceans (Stein et al., 1994; Nørgaard Pedersen et al., 1998; Poore et 
al., 1999; Lubinski et al., 2001; Aharon, 2003; Flower et al., 2004; Williams et al., 2012). In the 
GOM the planktic foraminifer, G. ruber (white and pink varieties) is a symbiont-bearing planktic 
foraminifera that commonly resides in the upper 50 m of the tropical to sub-tropical water 
column (Tolderlund and Bé, 1971; Fairbanks et al., 1980; Bé, 1982) and tolerates a wide range of 
SSTs (G. ruber (white): 10-31°C; G. ruber (pink): 18-28°C) and salinities (22-49 psu) (Bijma et 
al., 1990), make it a suitable proxy organism to resolve deglacial climate variability and 
meltwater input to the GOM. However, the δ18O proxy for meltwater is limited in that it is highly 
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dependent on the isotopic composition of the ice sheet, which is known to vary temporally and 
spatially (Mix and Ruddiman, 1984). Without an understanding of the δ18O of the freshwater 
end-member (δ18Ofw), it is not possible to constrain the δ18Osw-salinity relationship over time, 
making it difficult to investigate the impact of meltwater input to the GOM on AMOC. 
As an indicator of continental runoff (e.g. river discharge and/or meltwater input) to the 
oceans (Hall and Chan, 2004; Plewa et al., 2006; Weldeab et al., 2007; Schmidt and Lynch-
Stieglitz, 2011; Bahr et al., 2013), planktic foraminiferal Ba/Ca offers a solution to the 
complications inherent in using δ18O. Because the [Ba]fw of continental runoff is higher than that 
in surface waters (>250 vs. 30-40 nmol/kg) (Hanor and Chan, 1977; Joung and Shiller, 2014), 
elevated mixed layer [Ba]sw is used to infer riverine input to the ocean. In the open ocean, low 
surface water [Ba]sw is due to the precipitation of marine barite (BaSO4) in association with 
decaying organic matter, while elevated [Ba]sw at depth results from BaSO4 remineralization 
(Wolgemuth and Broecker, 1970; Chan et al., 1977; Dehairs et al., 1980; Bishop, 1988; Paytan 
and Griffith, 2007; Hendy, 2010). Foraminifera substitute Ba for Ca in their calcite tests in 
proportion to the [Ba]sw (Lea and Boyle, 1991; Lea and Spero, 1992; Lea and Spero, 1994), 
indicating that foraminiferal Ba/Ca is suitable for reconstructing past changes in continental 
runoff, including deglacial meltwater discharge (Lea and Spero, 1992; Lea and Spero, 1994; Hall 
and Chan, 2004; Weldeab et al., 2007; Schmidt and Lynch-Stieglitz, 2011; Hönisch et al., 2011). 
In this contribution, we present planktic foraminiferal (Globigerinoides ruber (pink and 
white, separately)) Ba/Ca records from a northern GOM sediment core that span the Last Glacial 
Maximum to early Holocene (ca. 24.0-7.5 ka). Paired deglacial planktic foraminiferal Ba/Ca and 
δ18Osw records indicate the regional utility of Ba/Ca as a continental runoff (e.g. glacial 
meltwater/riverine input) proxy. The Ba/Ca proxy offers an advantage over foraminiferal δ18O in 
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that we can exploit the modern spatial variability of the [Ba]fw in Mississippi River tributaries 
(Shiller, 1997) to reconstruct relative changes in the amount of freshwater input to the GOM 
during the last deglaciation. This technique then enables us to calculate a range of northern GOM 
salinities (based on [Ba]fw in Mississippi River tributaries) that are not dependent on the δ18Ofw. 
The large spatial differences in riverine [Ba]fw within the Mississippi River watershed may also 
be used to assess the possibility of pairing planktic foraminiferal Ba/Ca with terrestrial evidence 
of ice retreat from the southern margin of the LIS to gain insights into the geographic origin of 
specific GOM meltwater events. A comparison of our reconstructed Ba/Casw to LIS moraine 
records (based on 14C dated materials) of individual southern margin lobes and the mineralogy of 
terrestrial clays deposited in the northern GOM (Orca Basin), suggests that [Ba]sw the northern 
GOM is closely tied to changes in the [Ba]fw of continental runoff and may reflect site-specific 
melting events.  
 
2.3 Setting, core description, and age model 
The 9.09 m long giant box core MD02-2550 was recovered from 2248 meters of water 
(26°56.78′N, 91°20.75′W) in Orca Basin, from northern GOM continental slope, ~300 km from 
the modern Mississippi River delta (Winters et al., 2004) (Figure 2.1). Visible changes in 
lamination quality and sediment color suggest variations in depositional rate and sediment origin 
(terrigenous vs. marine) (Haug et al., 2001). The base of the core (909-611 cm) consists of light-
to-medium brown bioturbated sediments, followed by a shift to darker grey, non-continuous 
laminations. From 611-394 cm, lamination quality improves, with the exception of a 19-cm 
homogenous interval from 456 to 437 cm. This homogenous layer was also identified in nearby 
cores (MD02-2552, EN32-PC6, EN32-PC4) from Orca Basin and is interpreted as a turbidite, 
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possibly due to increased meltwater input (Leventer et al., 1983; Kennett et al., 1985; Sionneau 
et al., 2010; Wickert et al., 2013). A rapid deterioration of lamination quality and transition to 
light brown sediments occurs at 394 cm. Lamination quality improves around 301 cm and 
sediments shift grey (268 cm) then black (232 cm), marking the onset of Orca Basin’s brine lake 
accumulation (Addy and Behrens, 1980). 
 
 
Figure 2.1 Map of the late glacial (ca. 19 ka) extent of the LIS, major Mississippi River 
tributaries, and the spatial distribution of riverine [Ba]fw. The northwest provenance (shaded light 
green) is characterized by smectite-rich sediments and includes the Missouri and Upper 
Mississippi Rivers, which contain high [Ba]fw. In the northeast/Great Lakes provenance (shaded 
orange), the Ohio River is low in Ba]fw and sediments are dominated by chlorite and illite clays 
(Shiller, 1997; Sionneau et al., 2008). Red and yellow stars mark the location of core MD02-
2550 in the Orca Basin (this study) and core 26JPC in the Florida Straits (Schmidt and Lynch-
Stieglitz, 2011), respectively. The dotted white line indicates the Last Glacial Maximum sea 
level. The extent of the Laurentide Ice Sheet is based on data from Dyke (2004). DML- Des 
Moines Lobe; ML- Lake Michigan Lobe; EL- Lake Erie Lobe. 
 
Fifty-five AMS 14C dates from monospecific G. ruber (white and pink varieties) provide 
the chronological control for core MD02-2550 between 0 and 908 cm (Figure 2.2, Table C.1). 
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Published age models exist for the early to middle Holocene (310-190 cm; approximately 7.0-
10.7 ka) and deglacial (622-310 cm; approximately 18.3-10.7 ka) sections of core MD02-2550 
(LoDico et al., 2006; Williams et al., 2010). Here, we modify these existing age models, using 
Bayesian analyses (Bronk Ramsey, 2008; Bronk Ramsey, 2009) and the newest radiocarbon to 
calendar age calibration (Marine13) (Reimer et al., 2013), with the modern local reservoir 
correction (ΔR) for the GOM of -35±25 years (Wagner et al., 2009), to establish an integrated 
glacial to Holocene age model for core MD02-2550. The Bayesian statistical approach to age 
model generation uses prior knowledge with observational data (in this case, 14C dates) to 
evaluate the probability of an occurrence or event. Each calibrated radiocarbon date is expressed 
as a probability distribution function (PDF) that denotes the likelihood that any sample has a 
specific calendar age. Using Bayes theorem, these PDFs of are combined with a model built 
around prior knowledge of the depositional system to produce a range of possible solutions, 
known as posterior probability densities, that take into account both prior and likelihood 
probabilities.  
The chronology of core MD02-2550 was modeled with the OxCal software package 
(version 4.2), which employs the Markov Chain Monte Carlo method to calculate posterior 
probability densities (Bronk Ramsey, 2009). Because episodic input of glacial meltwater likely 
varied the deposition rate of Orca Basin sediments during the last deglaciation, we use a Poisson 
process deposition model (P_Sequence) that assumes random deposition and allows for 
fluctuations in sedimentation rate (Bronk Ramsey, 2008). The 19-cm homogenous interval (456 
to 437 cm) contains two identical 14C dates (12.785±0.45 and 12.800±0.40 14C ka; unmodeled 
calibrated ages: 14.536±0.181 and 14.504±0.182 ka, respectively), which further supports the 
hypothesis that this sedimentary layer was caused by a turbidite (Leventer et al., 1983; Williams 
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et al., 2012; Wickert et al., 2013). Because the model assumes that age increases continuously 
with depth (which is not the case between 456-437 cm), we define the event bed by combining 
the two identical 14C dates, and calculate an event-free depth scale by subtracting the 19 cm from 
all depths below the event layer. Subsequently, the event bed (modeled age: 14.412±0.101 ka) is 
reinserted and all data are re-adjusted to their original depth scale. Other depositional changes 
that are visible in the sediment structure are also accounted for within the prior model as 
boundaries at the following depths (listed as actual core depth, not event-free): 611 cm (onset of 
sediment laminations), 394 cm (color change and deterioration of laminations), 232 cm (onset of 
black sulfidic sediments), and 190/175 cm (to constrain hiatus). The mean deglacial and late 
Holocene sedimentation rate is 45 cm/kyr; inclusion of the late Holocene interval increases 
sedimentation rates to 53 cm/kyr. All sample depths were converted to median ages. Age 
uncertainty (reported as 1σ in Table C.2) varies throughout the core and is based on calculated 
high probability density ranges, which reflect posterior probability distributions, error associated 
with raw 14C ages, and uncertainty in the Marine13 calibration curve and ΔR (Bronk Ramsey, 
2008). Mean uncertainty is ±96 years and becomes as high as ±147 years during the Last Glacial 
Maximum at ca. 21.4-20.1 ka (760-715 cm). 
The OxCal program uses individual and model agreement indices (A and Amodel, 
respectively) to measure how well the prior (depositional model) matches observational data (14C 
dates, expressed as PDFs) (Bronk Ramsey, 2009). Agreement indices and comparisons of 
posterior and likelihood distribution functions are reported in Table C.2. In general, agreement 
indices should be ≥60%; low agreement indices for individual dates may be reason for omission 
from the age model (Bronk Ramsey, 2008; Bronk Ramsey, 2009). Three dates with A values 
slightly less than 60% were included in the model because their inclusion greatly increased the 
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model agreement index: 700 cm (A=59.8%), 357 cm (A=49.3%), and 337.5 cm (A=59.6%). Ten 
radiocarbon dates were removed from the core MD02-2550 age model. Dates at 167, 435, 475, 
and 908 cm were omitted because they exhibited age reversals. Individual agreement indices for 
dates at 750, 650, 565, 466, 20.5, and 0 cm were extremely low; upon their removal from the age 
model, the Amodel increased from <60% to 103.7%. 
 
  
 
Figure 2.2 Chronology of Orca Basin core MD02-2550, based on 55 14C AMS dates from 
monospecific foraminifera (G. ruber).  Radiocarbon dates were calibrated using the Marine13 
calibration curve (Reimer et al., 2013) and incorporated into a Bayesian deposition model 
(OxCal version 4.2). Depth model curves represent the 68.2% (1σ; dark shaded error envelope) 
and 95.4% (2σ; light shaded error envelope) high probability density ranges; each color indicates 
groupings of radiocarbon dates, accounted for within the deposition model (see text). 
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2.4 Analytical Methods 
Core MD02-2550 was sampled at 0.5 to 1 cm resolution from 0 to 466 and 466 to 909 cm 
respectively. Samples were freeze dried and washed over a 63 µm sieve with deionized water. At 
least 30 planktic foraminifer G. ruber (white and pink, separately) individuals (ideally >60) were 
picked from the 250 to 355µm size fraction. Foraminifer tests were inspected under a stereo-
microscope to ensure that only individuals with no visible fragmentation, pitting, or overgrowth 
were selected; individuals with pyrite infilling and/or non-calcitic material adhering to their tests 
were not selected. Tests were sonicated in methanol, dried, weighed, and split for trace metal and 
isotopic analysis. 
In this study, 176 G. ruber samples were dissolved and analyzed for 27Al, 43Ca, 55Mn, 
26Mg, and, 138Ba, using the fully-quantitative isotope analysis acquisition mode on an Agilent 
7500cx inductively coupled plasma quadrupole mass spectrometer (Q-ICP-MS) at the University 
of South Florida College of Marine Science. A gravimetric reference standard with elemental 
concentrations and ratios similar to our dissolved planktic foraminiferal samples was analyzed 
between unknown samples, and used to apply drift corrections to Ba/Ca, Mg/Ca, Al/Ca, and 
Mn/Ca data (Schrag, 1999). Long-term precision (% RSD) based on the gravimetric reference 
standard (n=393) is ±0.37%, ±0.19%, ±0.49%, and ±0.23% (1σ) for Ba/Ca, Mg/Ca, Al/Ca and 
Mn/Ca, respectively. Between 622 and 908 cm, 98 G. ruber (white) and 191 G. ruber (pink) 
samples were cleaned using non-reductive methods (Barker et al., 2003) and analyzed for 
Mg/Ca, following Williams et al., 2010 and LoDico et al., 2006 (Figure C.1).  
We also extended the MD02-2550 δ18O record by analyzing 199 G. ruber samples (50 to 
80 µg) between 622 and 908 cm using a ThermoFinnigan Delta Plus XL with a Kiel III 
carbonate preparation device at the University of South Florida College of Marine Science. The 
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δ18O analyses were corrected to NBS-19 and data are reported in per mil on the Vienna Pee Dee 
Belemnite (VPDB) scale. Long-term instrumental precision of δ18O based on >300 NBS-19 
samples analyzed from 2005 to 2012 was ±0.06‰. 
 
2.5 Foraminiferal Ba/Ca and δ18O Results 
Core MD02-2550 planktic foraminiferal Ba/Ca results are shown versus depth in Figure 
2.3 and versus calibrated age in Figure 2.4. G. ruber (pink) Ba/Ca values (n=113) range between 
0.81 and 6.07 µmol/mol, with an arithmetic mean of 2.71 µmol/mol. While the G. ruber (white) 
Ba/Ca record exhibits similar downcore trends to that of G. ruber (pink), the G. ruber (white) 
Ba/Ca (n=37) is 0.74 µmol/mol lower than that of G. ruber (pink); the maximum G. ruber 
(white) Ba/Ca value is 3.40 µmol/mol. The G. ruber (pink) Ba/Ca is elevated between 905 and 
426 cm (mean= 3.61 µmol/mol), compared with the 422 and 15 cm interval (mean G. ruber 
(pink) = 1.46 µmol/mol). Distinct peaks in the G. ruber (pink) Ba/Ca record occur from 905 to 
740 cm and 550 to 434 cm (maximum Ba/Ca = 6.07 and 4.48 µmol/mol, respectively). We 
replicated 17% of our G. ruber (pink) Ba/Ca data (n=26). The mean standard deviation of 
replicates was ±0.16 µmol/mol (1σ), yielding an estimated sample precision of 5.5%. Replicate 
and analytical errors were compounded by summing the squares of the analytical (±0.008 
µmol/mol;) and mean replicate (±0.16 µmol/mol) standard deviations (1σ) and then taking the 
square root of the sum. Inclusion of analytical error did not significantly increase replicate error, 
yielding a G. ruber Ba/Ca compounded sample error of ±0.16 µmol/mol. One G. ruber (white) 
and four G. ruber (pink) Ba/Ca replicate pairs exceed mean G. ruber Ba/Ca values and have 
replicate RSDs >10% (at 638 cm and 705, 638, 479, and 473 cm, respectively), which may 
reflect authigenic BaSO4 on foraminiferal tests due to insufficient cleaning (Lea and Boyle, 
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1991). However, there is no correlation between Ba/Ca values and RSDs for G. ruber (white and 
pink) replicate pairs (r2= 0.12 and r2= 8.7 x 10-3, respectively), nor for Ba/Ca values greater than 
the G. ruber (pink) mean value (r2= 4.1 x 10-3) (Figure C.2). In general, high sedimentary BaSO4 
is found in regions of elevated local surface ocean organic carbon flux (Bishop, 1988; Paytan and 
Griffith, 2007; Hendy, 2010). While Orca Basin sediments exhibit downcore fluctuations in the 
total organic carbon (TOC), no correlation exists between G. ruber (pink) and TOC values 
(r2<0.06) and the highest Ba/Ca values are associated with low TOC. 
 
 
Figure 2.3 G. ruber (pink and white) raw Ba/Ca and δ18O data versus depth for Orca Basin core 
MD02-2550. New G. ruber δ18O data is indicated by black lines. Published foraminiferal δ18O 
records exist for portions of MD02-2550 and are included in grey (LoDico et al., 2006; Williams 
et al., 2012). 
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Figure 2.4 G. ruber (pink and white) raw Ba/Ca and δ18O data versus age for Orca Basin core 
MD02-2550. New G. ruber δ18O data is indicated by black lines. Published foraminiferal δ18O 
records exist for portions of MD02-2550 and are included in grey (LoDico et al., 2006; Williams 
et al., 2012). 
 
 
We also monitored Al/Ca and Mn/Ca to assess data quality and cleaning efficacy (e.g. 
clay and oxide removal) (Boyle, 1981; Boyle, 1983; Lea et al., 2005). All Al/Ca ratios were 
<100 µmol/mol and no significant correlation was found with Ba/Ca (G. ruber (pink): r2=0.004; 
G. ruber (white): r2=0.003), indicating clay removal. Mn/Ca ratios were between 7 and 748 
µmol/mol and no correlation was found between the complete Ba/Ca and Mn/Ca datasets (G. 
ruber (pink): r2=0.04; G. ruber (white): r2=0.09), or between a culled G. ruber (pink) Mn/Ca (> 
400 µmol/mol) and Ba/Ca dataset (Figures C.3, C.4).  
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New planktic foraminifer δ18O results from the 908 to 622 cm interval are shown in 
Figures 2.3 and 2.4, and plotted with previously published data from (LoDico et al., 2006; 
Williams et al., 2010). From 908 to 622 cm, G. ruber (pink) (n=255) δ18O values range from -
3.58 to -0.21‰ (mean=-1.29±0.51‰) and exhibit highest variability from 764 cm to the base of 
the core.. Three negative excursions of <1‰ occur in the G. ruber (pink) at: 891-865 cm 
(0.57‰), 798-759 cm (0.34‰), and 652-617 cm (0.37‰). The G. ruber (white) (n=142) record 
exhibits δ18O values between -1.03‰ and 1.28‰ (mean=0.13±0.39‰) from 908 to 622 cm and 
is offset from the G. ruber (pink) record by +1.16‰. The G. ruber (white) record does not 
exhibit the high variability and moderate negative δ18O excursions of the G. ruber (pink) record. 
However, the G. ruber (white) δ18O does document a >2 ‰ increase from 700 cm (-0.52‰) to 
609 cm (1.83‰), that is similar to the ~1.6‰ decrease in G. ruber (pink) δ18O at 648 cm (-
2.25‰) to 602 cm (-0.64‰).  
In general, the G. ruber (pink) Ba/Ca record exhibits a similar trend to δ18O during the 
last deglaciation. A 2.17 µmol/mol increase in G. ruber (pink) Ba/Ca between 611 and 468 cm is 
associated with increasingly more negative δ18O values (~1.5‰). However, the G. ruber (pink) 
Ba/Ca and δ18O records are decoupled between 470 and 325 cm: Ba/Ca decreases by 2.45 
µmol/mol from 468 to 412.5 cm and the δ18O reaches its most negative value (-4.72‰) at 409.5 
cm. 
 
2.6 Discussion 
2.6.1 Ba/Ca in foraminifera 
In the northern GOM, [Ba]sw is linearly correlated to salinities greater than approximately 
15 psu (Hanor and Chan, 1977; Joung and Shiller, 2014). Because the Ba/Ca ratio of the planktic 
 29 
foraminifer, G. ruber (pink and white) exhibits a predictable relationship with the Ba/Casw (Lea 
and Boyle, 1991; Lea and Spero, 1992; Lea and Spero, 1994; Hönisch et al., 2011), we use 
reconstructed Ba/Casw values to infer past changes in GOM salinity, due to meltwater input. 
Ba/Casw values are calculated using an empirically derived partition coefficient (DBa=0.15±0.05) 
(Hönisch et al., 2011), which is appropriate for G. ruber and within error of previous studies 
(equation 2.1) (Lea and Boyle, 1991; Lea and Spero, 1992; Lea and Spero, 1994; Hall and Chan, 
2004; Hönisch et al., 2011; Bahr et al., 2013).   
 
   𝐷!" = !"/!"!"#$%!"/!"!" ;      (equation 2.1) 
 
2.6.2 Barium in the northern GOM and Mississippi River 
 The downcore record of Ba/Casw from the northern GOM exhibits millennial-scale 
variability of Mississippi River influx during the last deglaciation (Figure 2.5). All reconstructed 
G. ruber Ba/Casw values from ca. 24.1-12.0 ka are greater than the modern GOM seawater 
Ba/Casw ratio of 7.94 µmol/mol (GOM seawater ([Ba]sw)=82 nmol/kg; [Ca]sw=10.33 mmol/kg, 
and is calculated using a linear relationship to salinity, where 35 psu corresponds to 10.20 
mmol/kg and 0 psu corresponds to the modern Mississippi River [Ca] (0.87 mmol/kg) (Hanor 
and Chan, 1977)). Because the oceanic residence time of Ba is approximately 10 kyr (Chan et al., 
1976), it’s possible that glacial-interglacial changes in the Ba/Casw record are due to changes in 
the oceanic barium inventory. Planktic and benthic Ba/Caforam data from the North Atlantic 
suggests inventory changes may account for about 15±10% of the total change in dissolved 
[Ba]sw (Lea and Boyle, 1990). However, glacial Ba/Casw values (mean G. ruber (pink) 
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Ba/Casw=28.5 µmol/mol at ca. 24.1-22.0 ka) are over 70% greater than that of modern northern 
GOM, far exceeding any effect due to inventory changes. 
 
 
Figure 2.5 Comparison of G. ruber (pink and white) Ba/Casw and δ18Oivc-sw records. Gray dots 
overlay the δ18Oivc-sw records to indicate data points based on Mg/Ca-SST samples cleaned with 
the reductive cleaning step (also analyzed for Ba/Ca). 
 
Another factor that may influence northern GOM Ba/Casw results is Ba-rich coastal 
sediments (Moore, 1999). In freshwater environments, Ba ions adsorbed onto suspended clay 
minerals and particulate organic matter, may be deposited within riverbeds that once extended 
onto the exposed Louisiana shelf during the Last Glacial Maximum sea level lowstand (Moore 
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and Shaw, 1998; Moore, 1999). As these Ba-rich sediments become resuspended during 
deglacial sea level rise, Ba is replaced by seawater cations through an ion exchange process and 
released into the saline ocean, leading to an increase in the Ba/Casw (Hanor and Chan, 1977). 
Thus, if coastal sediments were a major source of dissolved Ba to the northern GOM, high 
Ba/Casw should be accompanied by major changes in sea level. However, our highest Ba/Ca 
values are during the Last Glacial Maximum (ca. 24.1 and 22.0 ka), when sea level was low. As 
sedimentological data indicates the Last Glacial Maximum shoreline was near the northern GOM 
shelf margin (Figure 2.1) until at least 21.3 ka (Tripsanas et al., 2007), these high Ba/Casw values 
likely reflect a more direct conduit of riverine input to Orca Basin, rather than dissolved Ba 
introduced by sea level rise or meltwater input (Figure 2.5). Although high Ba/Casw values do 
correspond to rising sea level during the Bolling-Allerod, Ba/Casw values decrease at ca. 14.1 ka, 
before meltwater flow (inferred by foraminiferal δ18Oivc-sw) rapidly declined (Williams et al., 
2012),  suggesting sea level was not the main driver of northern GOM Ba/Casw variability. 
During deglaciation, the addition of meltwater to the Mississippi River and its tributaries 
increased riverine flow and erosion, which influenced the dissolved and particulate Ba flux to the 
GOM (Hall and Chan, 2004; Schmidt and Lynch-Stieglitz, 2011). High erosional rates at the 
beginning of melting events may have caused a substantial increase [Ba]fw, followed by lower Ba 
input as sediment supply diminished (Mitchell et al., 2001; Hall and Chan, 2004). Additionally, 
as the LIS southern margin receded, exposure of regions once covered in ice may have increased 
weathering processes and the subsequent flux of Ba to the Mississippi River and northern GOM. 
During ice sheet advances, production of glacial flour and unconsolidated sediments due to basal 
sliding, glacial quarrying and abrasion processes, may have also increased riverine [Ba]fw. 
 
 32 
2.6.3 Estimation of freshwater input and GOM salinity using Ba/Casw 
The modern Mississippi River watershed encompasses three major tributary rivers that 
exhibit a large (~250-650 nmol/kg) range of dissolved [Ba]fw: the Missouri River (632 nmol/kg 
Ba), Upper Mississippi River (426 nmol/kg Ba), and Ohio River (253 nmol/kg Ba) (Shiller, 
1997). The total riverine flux of Ba also contains a particulate component that is highly reactive 
in the estuarine mixing zone (Hanor and Chan, 1977), which increases the total dissolved [Ba]fw 
by 40-60% (Hanor and Chan, 1977). Using our reconstructed Ba/Casw values and a simple 
mixing model (equation 2.2), we calculate the fraction of freshwater mixed with GOM seawater 
(f=fraction of seawater that is freshwater input) for five different [Ba]fw scenarios that represent 
the three major Mississippi River tributaries as well as two hypothetical high [Ba]fw rivers to 
model increased erosion. To account for particulate Ba contribution to the effective dissolved 
[Ba]fw of freshwater input, and a more accurate calculation of f, the [Ba]fw of all tributary rivers 
was increased by 50%. We note that this technique has many uncertainties that are not 
quantifiable; however, this exercise estimates the upper and lower limits to Mississippi River 
freshwater flux, relative to seawater, during the Last Glacial Maximum through the early 
Holocene (ca. 24.1-7.5 ka). 
 𝐵𝑎 𝐶𝑎!" = ![!"]!"!(!!!)[!"]!"![!"]!"!(!!!)[!"]!" ;    (equation 2.2) 
 
where [Ca]fw = 0.87 mmol/kg, [Ca]sw = 10.33 mmol/kg, [Ba]sw = 82 nmol/kg, and [Ba]fw = 380, 
639, 948, 1200, or 2000 nmol/kg,  
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Resulting f values, calculated from G. ruber (pink) Ba/Casw, range from -7.5 to 49.4% 
and exhibit the same trends as foraminiferal Ba/Casw (Figure C.5). In general, the G. ruber 
(white) f variability is lower than that of the G. ruber (pink) data set (range = -5.0 to 29.7%). f is 
particularly high at 24.1-18.2 ka and 17.8-14.3 ka (mean G. ruber (pink) = 34.5 and 30.5%, 
respectively), relative to values at ca. 11.9-0.9 ka (mean f= -1.0%). Overall, higher f values 
correspond to the input of low-[Ba]fw water (e.g. Ohio River) to the GOM; negative f values 
occur in the Holocene when reconstructed Ba/Casw values are lower than modern (7.93 
µmol/mol), indicating a deficit of freshwater flux to the GOM relative to modern.    
Using f values and the modern GOM upper mixed layer (0-50 m) salinity of 35.5 psu 
(based on the World Ocean Atlas 2005 (WOA05) dataset (Antonov et al., 2006), deglacial 
changes in northern GOM salinity due to riverine freshwater input is estimated (equation 2.3). 
Reconstructed salinities based on G. ruber (pink and white) summarized in Figure 2.6, C.6, 
respectively, are a function of f, the [Ba]fw, and an assumed constant undiluted GOM salinity of 
35.5 psu. Salinity is negatively correlated to f, and exhibits the largest changes, relative to 
modern, when [Ba]fw is low.  For example, the maximum f value (49.4%) is calculated using the 
Ohio River [Ba]fw (380 nmol/kg) and corresponds to a minimum in salinity (18.0 psu).  In 
contrast, the Missouri River [Ba]fw (948 nmol/kg) yields a much lower f value (26.9%) and 
higher salinity (25.9 psu) for the same interval. 
 
   𝑓 = 1− !"#$%$&'!".! ;      (equation 2.3) 
 
where 35.5 is the salinity of the upper mixed layer (0-50 m) of the modern northern GOM 
(Antonov et al., 2006). 
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Figure 2.6 Comparison of Greenland δ18O to reconstructed northern GOM salinity and δ18Ofw of 
freshwater runoff. Ba/Ca-based salinities and δ18Ofw values are reconstructed using a range of 
riverine [Ba]fw, indicated in the legend. Salinity based on G. ruber (pink) δ18Oivc-sw and a 
freshwater end-member δ18O value of -30‰ is displayed in black with Ba/Ca-salinity curves. 
Blue vertical bars indicate intervals of low δ18Ofw. 
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2.6.4 Documenting meltwater input and sea-surface salinity using δ18O 
The δ18O of foraminiferal calcite, which reflects the δ18Osw and ambient temperature 
during calcification (Bemis et al., 1998), is corrected with SSTs derived from the independent 
Mg/Ca paleothermometer (see Appendix C for Mg/Ca-SST calibration). The local δ18Osw is then 
adjusted with a sea level record (Stanford et al., 2011) using a relationship of 0.083‰ per 10 m 
sea level change, to account for the ~1‰ increase in global δ18Osw due to ice sheet growth on 
glacial-interglacial time scales (Schrag et al., 2002). The resulting ice volume-corrected δ18Osw is 
termed δ18Oivc-sw and reported on the Vienna Standard Mean Ocean Water (VSMOW) scale 
(Figure 2.5). Compounded error for δ18Osw values, based on replicate and analytical error of δ18O 
and Mg/Ca data, calibration to SST, and paleotemperature equation error is ±0.27‰. The 
incorporation of a ±0.8 m mean sea level error (Stanford et al., 2011) and ±0.1‰ error on the 
global glacial-interglacial δ18Osw change (Schrag et al., 2002) increases the δ18Oivc-sw error to 
±0.28‰ (Williams et al., 2012). Because the GOM δ18Oivc-sw variability is too large to be 
controlled by evaporation and/or precipitation processes alone (Williams et al., 2012), values less 
than the modern ~1‰ (Fairbanks et al., 1992; LeGrande and Schmidt, 2006; Wagner and 
Slowey, 2011; Richey et al., 2012) are thought to be influenced by glacial meltwater input 
(LoDico et al., 2006; Hill et al., 2006; Williams et al., 2012).  
Using the modern relationship between δ18Osw and salinity, defined by a conservative 
mixing line between GOM seawater (salinity=35.5 psu (Antonov et al., 2006); δ18Osw=1‰ 
(Fairbanks et al., 1992; LeGrande and Schmidt, 2006; Wagner and Slowey, 2011; Richey et al., 
2012)) and Mississippi River freshwater, we estimate past changes in northern GOM salinity 
from δ18Oivc-sw data (Flower et al., 2004; LoDico et al., 2006; Hill et al., 2006) (Figure 2.6). This 
calculation requires a known δ18O value of freshwater input, which controls the magnitude of 
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salinity variability, with a higher δ18O end-member yielding a greater salinity change. While the 
modern northern GOM receives freshwater input from two primary sources with similar oxygen 
isotopic composition: precipitation (-3.5‰) (Bowen and Revenaugh, 2003) and the Mississippi 
River (-7‰) (Ortner et al., 1995), the δ18O of LIS meltwater was much lower (-20 to <-60‰) 
(Shackleton, 1967; Dansgaard and Tauber, 1969; Mix and Ruddiman, 1984; Fairbanks, 1989; 
Schrag et al., 2002; Vetter et al., 2013) and likely varied spatially and temporally (Mix and 
Ruddiman, 1984). The wide range of possible δ18O values to assign to the deglacial freshwater 
end-member introduces considerable uncertainty to salinity estimates. Applying a LIS δ18O value 
of -30‰ to our GOM δ18Oivc-sw data produces salinity changes of up to ~4.5 psu during the last 
deglaciation that are consistent with previously published modeling studies and proxy data 
(Flower et al., 2004; Otto-Bliesner and Brady, 2010). However, this approach does account for 
variations in the freshwater δ18O, which may skew or even obscure large salinity changes over 
time. For example, a decrease in δ18Oivc-sw may be caused by an increase in the total meltwater 
flux (salinity decrease) to the GOM or by a decrease in the δ18O of the meltwater, itself.  
There is some debate on the necessity of the glacial-interglacial global ice volume 
correction on δ18Osw values in the northern GOM. The GOM is a relatively small basin and was 
likely more strongly impacted by LIS meltwater input than the open ocean. Thus, it is possible 
that the foraminiferal δ18O signal in the northern GOM may not reflect global ice volume 
changes due to the overwhelming influence of LIS meltwater. For completeness, we include G. 
ruber (pink) δ18Osw values and salinity estimations in Figure C.7. δ18Osw (no ice volume 
correction) values are more positive and result in higher salinity estimations than those 
calculated using δ18Oivc-sw (no ice volume correction), with the largest offset during the Last 
Glacial Maximum when sea level was lowest. 
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Comparison of Ba/Ca- and δ18O-salinity sheds light on how [Ba]fw and the δ18O of 
freshwater input varied during the last deglaciation. Ba/Ca-salinities exhibit lower values and 
higher deglacial variability than δ18O-salinity results (Figure 2.6).  For example, mean Ba/Ca-
salinities based on the Ohio and Missouri Rivers are 28.44±5.39 and 32.11±2.67psu, 
respectively, and are over 3 psu lower than mean δ18O-salinities (34.22±0.51 psu). As both 
proxies are influenced by freshwater flux, similarities between the two records strongly support 
an increase in continental runoff, possibly of LIS origin. In contrast, intervals where the two 
salinity records differ may be attributed to a change in the freshwater end-member δ18O value or 
[Ba]fw. Interestingly, the riverine input with a high [Ba]fw of 2000 nmol/kg is most similar to the 
δ18O. This suggests that deglacial riverine input was much higher in [Ba], or that an end-member 
δ18O value of -30‰ is not an appropriate value for all or part of the deglacial record. 
 
2.6.5 Calculation of LIS δ18Oice end-member 
Our independent salinity estimations inferred from G. ruber Ba/Casw, are paired with 
δ18Oivc-sw records to calculate the δ18O of the freshwater (δ18Ofw) end-member variability through 
the last deglaciation (Figure 2.6). Using the modern GOM salinity (35.5 psu) and δ18Osw (1‰) as 
a high salinity (no freshwater input) end-member and a single pair of reconstructed Ba/Ca-
salinity and δ18Oivc-sw values, the freshwater δ18O end-member value is may be extrapolated 
(salinity = 0) with a simple mixing line. This approach is advantageous because it provides a 
range of possible freshwater δ18Ofw values for a given increment in time, constrained by both the 
Ba/Ca and δ18Oivc-sw proxy records. We interpret δ18Ofw values less than the modern Mississippi 
River value (-7‰) as influenced by LIS glacial meltwater input. 
Reconstructed δ18Ofw values, based on G. ruber (pink) Ba/Casw and δ18Oivc.sw, range from 
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0.81 to -486.70‰. The most negative δ18Ofw values are based on Ba/Ca-salinities, calculated 
used Ba-rich riverine input (Missouri River and hypothetical high [Ba]fw rivers). During late 
glacial period (ca. 24.1-21.0 ka), Ohio, Upper Mississippi, and Missouri River-based δ18Ofw 
values are relatively high (mean δ18Ofw= -2.70. -4.43, and -6.49‰, respectively), suggesting 
riverine freshwater input without meltwater input. At 19.0 ka, the δ18Ofw exhibits a small 
decrease that raises the possibility of meltwater input.  However, only high [Ba]fw-based δ18Ofw 
reconstructions (based on the Missouri or hypothetical high-[Ba]fw Rivers) yield sufficiently 
negative values (δ18Ofw mean=-11.57, -13.90, and -23.06‰ for the Missouri, High1, and High2 
Rivers, respectively) characteristic of glacial meltwater (Figure 2.6). The deglacial δ18Ofw record 
is also is characterized by two increasingly negative excursions at ca. 14.1-12.5 ka (mean 
δ18Ofw= -13.54 to -33.35‰, based on the Ohio and Missouri Rivers, respectively) and ca. 12.0-
11.0 ka (mean δ18Ofw= -28.75 to -73.31‰, based on the Ohio and Missouri Rivers, respectively). 
These last two excursions exhibit δ18Ofw values that strongly suggest glacial meltwater input, 
regardless of the [Ba]fw used. 
In addition to its influence on δ18O-salinity estimations, the glacial-interglacial global ice 
volume correction on foraminiferal δ18Osw values also impacts the δ18Ofw record. Because δ18Osw 
values are more positive than δ18Oivc-sw, the resulting non ice volume-corrected δ18Ofw values 
(referred to as δ18Ono-ivc-fw) also increase (Figure C.7). Overall, the δ18Ono-ivc-fw record suggests 
that freshwater end-member δ18O value was greater than that of precipitation (-3.5‰) (Bowen 
and Revenaugh, 2003) during the Last Glacial Maximum and early deglaciation (mean the 
δ18Ono-ivc-fw = -0.17 to -1.46‰, based on the Ohio and Missouri Rivers, respectively from 24.1 to 
15.4 ka). Furthermore, increasing the [Ba]fw to 2000 nmol/kg (High2 River) only decreases the 
mean Last Glacial Maximum and early deglaciation δ18Ono-ivc-fw to -3.84‰. These results suggest 
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negligible LIS meltwater flux to the GOM until 15.4 ka, which is not supported by any other 
existing proxy data from the northern GOM. It also raises the possibility that the LIS southern 
margin δ18O value was simply much higher than previously considered. 
 
2.6.6 Deglaciation of the LIS southern margin 
Understanding the deglacial retreat of the LIS is critical to evaluating the role of 
meltwater on glacial terminations (via AMOC variability) and determining the impact of global 
forcing mechanisms such as greenhouse gases and summer insolation on mid-latitude ice sheets 
(Denton et al., 2010). During its maximum extent, the LIS extended into the midwest and 
northeast United States, where deglacial boreal summer insolation changes would have greatly 
impacted the southern margin. If the increase in summer insolation were a primary driver of 
glacial terminations, the initial generation of meltwater should occur at the southern margin, 
simultaneous with (or shortly after) the increase in summer insolation at 65°N (ca. 23 ka). Our 
Ba/Ca and δ18Oivc-sw records suggest increased freshwater input to the northern GOM at ca. 24.1-
22.0 ka and are supported by substantial evidence for high terrigenous input (Meckler et al., 
2008). However, mean δ18Ofw values (-2.5 to -6.1‰) are similar or greater than that of the 
modern Mississippi River (-7‰), indicating little-to-no meltwater input until 19.3 ka. Due to the 
close proximity of Orca Basin to the North American continent during the Last Glacial 
Maximum sea level low stand, we speculate that G. ruber shell chemistry was largely recording 
continental runoff, and high Ba/Casw and δ18Oivc-sw variability reflects changes in total 
Mississippi River flux. Because the northwestern region of the Mississippi River watershed 
includes tributaries (Missouri and Upper Mississippi Rivers) that are enriched in Ba, relative to 
those in the Great Lakes provenance (Ohio River), variations in GOM Ba/Casw may be driven by 
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an increase in freshwater input and/or a shift in continental drainage (i.e. from a high or low 
[Ba]fw source).  
While it’s possible that small quantities of meltwater are difficult to resolve within the 
integrated record of Mississippi River watershed, the lack of an early meltwater signal in the 
GOM indicates that the LIS southern margin did not generate a significant quantity of meltwater 
as an immediate response to the increase in boreal summer insolation. Extensive research using 
continental archives such as 14C-dated moraines exhibits strong evidence of deglacial retreat 
before the meltwater is present in the GOM, as early as 21 ka (Curry et al., 2010; Curry, 2011; 
Lowell and Curry, 2011; Carlson and Winsor, 2012) (Figure 2.7). In these cases, these 
oscillations likely had a minor impact on meltwater volume/input to the GOM, but may represent 
the initial destabilization of the ice sheet. Thus, insolation may have played a key role in 
initiating deglaciation at the southern margin, but meltwater generation and input to the GOM 
did not occur considerably earlier than at high-latitude regions. 
A small decrease in the G. ruber (pink and white) δ18Oivc-sw and δ18Ofw at ca. 19.3-18.1 ka 
raises the possibility of LIS meltwater contribution to Mississippi River outflow, coincident with 
a 10 m rise in sea level possibly of Greenland, Iceland and/or Fennoscandian origin (Bond et al., 
1997; Hanebuth et al., 2000; Yokoyama et al., 2001; Clark et al., 2004). GOM records are 
supported by a brief increase in foraminiferal Ba/Ca at ca. 19.3 ka in a Florida Straits sediment 
core (Schmidt and Lynch-Stieglitz, 2011), which also suggests LIS melting (Figure 2.7). The 
presence of a meltwater signal in both the northern GOM and Florida Straits provides support for 
meltwater entrainment into the Loop Current and Gulf Stream and subsequent preconditioning of 
the North Atlantic for large changes in AMOC (Gilbert et al., 1996; Otto-Bliesner and Brady, 
2010). 
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Figure 2.7 Identification of regional LIS southern margin melting by time period. Maps illustrate 
the position of the LIS southern margin (Dyke, 2004) and the main provenance of meltwater 
origin. Time-distance diagrams for the Lake Michigan (ML), Lake Erie (EL) and Des Moines 
(DML) Lobes (Lowell and Curry, 2011), the S/(I+C) ratio (Sionneau et al., 2010), and salinity 
reconstructions exhibit similarities used to reconstruct the deglacial evolution of the LIS southern 
margin. Solar insolation and 231Pa/230Th, a proxy for AMOC strength, are reported in Laskar et 
al. (2004) and McManus et al. (2004), respectively. Green and orange shaded bars indicate 
meltwater input and correspond (by color) to the region of meltwater origin. 
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The comparison of marine and continental proxy records offers the unique opportunity to 
characterize LIS melting at ca. 19.3 ka by its source region. The spatial distribution of smectite, 
chlorite and illite clays across the North American continent exhibits a similar pattern to that of 
dissolved Ba: the western provenance is rich in smectite clays, formed authigenically in poorly-
drained alluvial and/or coastal plains, while chlorite and illite are most abundant in the Great 
Lakes region and result from physical and chemical weathering of Paleozoic rocks (Sionneau et 
al., 2008). From 19.3-18.1 ka, the ratio of smectite to illite and chlorite clays (S/(I+C)) from a 
nearby core in Orca Basin (core MD02-2552) is low (Sionneau et al., 2010), suggesting the 
[Ba]fw-depleted Great Lake region as a main contributor to the initial deglacial meltwater flux to 
the GOM (Figure 2.7). It’s possible that the western sector of the southern LIS remained stable 
because of cold katabatic winds coming off the LIS and increased precipitation, as hypothesized 
for the Cordilleran Ice Sheet (Bromwich et al., 2005; Carlson and Winsor, 2012). Initial ice sheet 
destabilization in the eastern region of the LIS southern margin may be related to more moderate 
climate conditions regulated by the North Atlantic Ocean. 
G. ruber Ba/Casw and δ18Oivc-sw records indicate substantial meltwater input to GOM at 
ca. 17.6 ka-15.9 ka, during the “Mystery Interval” (17.5-14.5 ka), a period of enhanced 
seasonality in the northern North Atlantic (Denton et al., 2005; Williams et al., 2012). Meltwater 
input to the GOM is nearly synchronous with a large increase in foraminiferal Ba/Ca from 
Florida Straits (ca. 17.2 ka) (Schmidt and Lynch-Stieglitz, 2011), supporting the idea that 
freshwater input, entrained in the Loop Current and transported to the northern North Atlantic 
via the Gulf Stream, preconditioned the northern North Atlantic for the AMOC decrease at ca. 
17.5 ka (McManus et al., 2004). Low S/(I+C) (Sionneau et al., 2010) and retreat of the Lake Erie 
Lobe (Lowell and Curry, 2011) suggest that this meltwater was also sourced from the Great 
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Lakes region. Using the Ohio River [Ba]fw Ba/Ca-salinity estimations,  mean δ18Ofw values are 
not as low as expected for meltwater input, and may indicate an underestimation of the [Ba]fw 
value. We suggest that increased erosion contributed to higher [Ba]fw values to produce more 
negative δ18Ofw values, characteristic of LIS meltwater. 
At 15.3 ka, high Ba/Casw and S/(I+C) values, and large recession of the Des Moines Lobe 
(Lowell and Curry, 2011) indicate the first meltwater episode originating from the western sector 
of the LIS southern margin. This shift in LIS melting occurs before the onset of the Bølling 
warming (ca. 14.7 ka), during an interval of hypothesized wet climate in the southwest United 
States (Broecker et al., 2010), which suggests that local atmospheric conditions played a larger 
role in southern margin destabilization than the increase in Greenland air temperature. While 
δ18Oivc-sw records suggest continual LIS melting through the Bølling-Allerød until an abrupt 
cessation at the onset of the Younger Dryas (Williams et al., 2012), the G. ruber (pink) Ba/Casw 
declines much earlier at ca. 14.7 ka, suggesting a major change in LIS southern margin melting. 
The decrease in Ba/Casw is coincident with a similar change in the S/(I+C) ratio and may reflect 
an increase in meltwater input from the eastern Great Lakes region due to Bølling warming 
(Rasmussen et al., 2006). Moreover, at 14.1 ka, the δ18Ofw exhibits a rapid decrease due to input 
of meltwater from a different region (with a much more negative δ18Ofw), possibly of higher 
latitude. Although the δ18Oivc-sw records suggest a cessation of meltwater at the onset of the 
Younger Dryas (ca. 13.0 ka), δ18Ofw values remain negative until ca. 12.5 ka, indicating some 
meltwater input. δ18Ofw values remain negative until ca. 12.5 ka, which may be due to a small 
volume of highly negative-δ18Ofw meltwater; however, variability in the [Ba]fw due to changes in 
southern margin melting patterns makes it difficult to resolve the magnitude of meltwater flux at 
this time. 
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A decrease in the δ18Ofw at ca. 11.7 ka provides the first strong marine proxy evidence of 
meltwater input to the GOM after the Younger Dryas. Although geologic evidence suggests that 
LIS meltwater returned to the southern outlet after the Younger Dryas until approximately 11 ka 
(Teller et al., 2002; Fisher, 2003), foraminiferal-based δ18Oivc-sw records exhibit no obvious 
excursions (LoDico et al., 2006; Williams et al., 2012). Our new Ba/Casw data suggests increased 
continental runoff from ca. 11.7-11 ka, relative to the late Holocene.  Because Ba/Ca-salinities 
yields unrealistically low δ18Ofw values when based on high [Ba]fw input (Figure 2.6), we 
conclude that any meltwater input after the Younger Dryas was Ba-depleted and likely originated 
from the low-Ba Great Lakes region. 
 
2.7 Summary and conclusions 
G. ruber (white and pink) Ba/Ca data paired with δ18Oivc-sw  records from Orca Basin 
document LIS meltwater input to the northern GOM during the last deglaciation from ca. 24.1-
7.0 ka. Utilizing GOM deglacial δ18Oivc-sw and Ba/Casw data, with the known modern spatial 
distribution of [Ba]fw across North American rivers (Shiller, 1997) enables us to evaluate 
continental drainage patterns and provide more accurate estimates of deglacial salinity changes 
due to meltwater input, than previous able using δ18O-salinity reconstructions alone. Despite 
uncertainties associated with the variations in the Mississippi River watershed extent and [Ba]fw 
during the last deglaciation, this study offers a novel approach to understanding the linkages 
between proximal terrestrial data and distal marine records. Our data suggest large variations in 
the delivery of meltwater to the Mississippi River and GOM during the last deglaciation. 
GOM sediments provide an integrated record of hydrologic and climatic changes within 
the Mississippi River watershed, including the LIS southern margin, which allow us to assess the 
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timing and magnitude of ice sheet retreat during the last deglaciation (ca. 24.1-7.0 ka). Large 
shifts in the dominant regions of LIS southern margin melting, recorded in northern GOM 
sediments, may provide insight into the mechanisms driving ice sheet destabilization and 
meltwater generation. Our results indicate initial meltwater input to the GOM from the LIS 
southern margin did not occur until ca. 19.3 ka, though moraine-based evidence suggests ice 
sheet destabilization, likely driven by increased local summer insolation 2-3 kyr earlier. We 
speculate the absence of a meltwater signal associated with initial southern margin 
destabilization may be due to dilution of meltwater within the Mississippi River watershed or 
temporary storage of meltwater in proglacial lakes. Additionally, the comparison of foraminiferal 
Ba/Ca to S/(I+C) data suggest that most meltwater was primarily sourced from the Great Lakes 
region during the early deglaciation, and considerable flux from the western provenance that 
encompasses the Des Moines Lobe and Ba-rich Missouri River, did not occur until 15.3 ka. 
While early deglacial destabilization of the eastern sector of LIS southern margin may be 
associated with a moderate climate conditions regulated by the North Atlantic Ocean, we 
speculate meltwater generation in the western provenance may be attributed to atmospheric 
changes, possibly related to shifts in the ITCZ. Overall, this study highlights the importance of 
understanding LIS southern margin deglaciation patterns in order to better assess the relationship 
between deglacial climate, including insolation variability and associated feedbacks, ice sheet 
stabilization and meltwater generation. 
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CHAPTER 3. DETECTION OF LAURENTIDE ICE SHEET MELTWATER INPUT TO  
 
THE NORTHERN GULF OF MEXICO USING REDOX SENSITIVE METAL  
 
GEOCHEMISTRY 
 
3.1 Abstract 
Orca Basin, located ~300 km southwest of the modern Mississippi River delta, contains 
high-resolution geochemical and paleontologic evidence of episodic meltwater input to the 
GOM, associated with the catastrophic collapse of the LIS during the last deglaciation (21-10 
ka). The sediments in core MD02-2550 (2248 m water depth) exhibit visible laminations and 
color changes that suggest episodic suboxic to anoxic sedimentary conditions during 
deglaciation, possibly related to glacial meltwater input and/or biologic productivity. To 
reconstruct variations in sedimentary redox state and deconvolve the physical and biological 
processes controlling the depositional environment of Orca Basin from the Last Glacial 
Maximum through the early Holocene (24-7.5 ka), we analyzed a suite of redox sensitive trace 
elements (Mn, U, Re, and Mo). Variations in the sedimentary redox conditions of Orca Basin 
during deglaciation are due to changes in local biologic productivity, sediment transport, and/or 
regional/global physical oceanography. High Mo enrichment in laminated sediments at ca. 17.0-
13.1 ka is associated with only moderate concentrations of Re ([Re]) and U ([U]), which raises 
the possibility of weak stratification of Orca Basin deep waters due to elevated salinities, during 
the last deglaciation. Water column stratification would have limited Re and U enrichment, while 
Mo concentrations ([Mo]) increased independently, due to Mn-cycling within the redoxcline, 
and/or Mo enrichment in association with pyrite (FeS2). 
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Our results indicate an increase in authigenic redox sensitive metal concentrations at ca. 
17.0 ka, which suggests suboxic to anoxic conditions occurred in association with an increase in 
total organic carbon (TOC) and LIS meltwater input. Low authigenic trace element 
concentrations and abundant Cretaceous-age nannofossils in a 19-cm homogenous interval 
indicate oxidizing sedimentary conditions during an interval of rapid terrigenous input, 
coincident with MWP-1a (ca. 14.4 ka), raising the possibility of sediment-laden turbidity flows 
as a major mode of meltwater transport. Our trace element records coupled with analyses of Orca 
Basin sedimentary structures improve understanding of how meltwater entered the GOM (i.e. as 
a buoyant cap or at depth via sediment-laden flows), its effects on local marine biologic 
productivity and global climate change. 
 
3.2 Introduction  
Considerable attention has been given to the role of glacial meltwater in forcing Late 
Quaternary millennial scale climate variability via impacts on the AMOC, and associated 
feedbacks and atmospheric teleconnections (Johnson and McClure, 1976; Rooth, 1982; Broecker 
et al., 1989; Clark et al., 2001; Carlson and Clark, 2012). Atmosphere-ocean GCMs indicate that 
freshwater injection to the North Atlantic results in the reduction and possible shutdown of 
NADW formation (Manabe and Stouffer, 1995; Manabe and Stouffer, 1997; Liu et al., 2009; 
Otto-Bliesner and Brady, 2010). Clark et al. (2001) proposed that AMOC variability during the 
last deglaciation could be explained by the rerouting of meltwater from the GOM to the northern 
North Atlantic and/or Arctic Oceans (and vice versa) due to oscillations in LIS southern margin.  
The first substantial meltwater discharge event of the last deglaciation, MWP-1a, was 
documented in uplifted Barbados corals by Fairbanks (1989) as a 24 m rise in eustatic sea level 
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in <500 yrs, and though to be sourced from the nearby LIS (Fairbanks et al., 1992; Peltier, 2005). 
Yet, the timing of MWP-1a appears to coincide with a strong AMOC intensification (McManus 
et al., 2004) at the onset of the Bølling-Allerød warm period, rather than a reduction as expected 
during this large and unprecedented meltwater flux (Hanebuth et al., 2000; Kienast et al., 2003; 
Webster et al., 2004; Deschamps et al., 2012). Over the last two decades, the timing, duration, 
and source of MWP-1a have been the cause of heated debate in the paleoceanographic 
community (Peltier, 1994; Bard et al., 1996; Hanebuth et al., 2000; Clark et al., 2002; Weaver et 
al., 2003; Kienast et al., 2003; Peltier, 2005; Tarasov and Peltier, 2005; Tarasov and Peltier, 
2006; Carlson, 2009; Obbink et al., 2010; Carlson and Winsor, 2012; Wickert et al., 2013). Sea 
level “fingerprinting” studies point to an Antarctic source of MWP-1a (Clark et al., 1996; Clark 
et al., 2002; Weaver et al., 2003; Bassett et al., 2007), yet many marine and continental proxy 
data (Tarasov and Peltier, 2005; Peltier, 2005; Tarasov and Peltier, 2006; Simms et al., 2007; 
Williams et al., 2012) still maintain that the LIS was at least a partial contributor to MWP-1a sea 
level rise. While geochemical and paleontologic evidence indicates that the majority of 
Laurentide Ice Sheet meltwater likely entered the GOM via the Mississippi River as a buoyant 
cap at the ocean surface (Flower et al., 2004; Williams et al., 2012), modeling studies suggest 
that freshwater input to the GOM may be sufficient to disrupt the formation of NADW (Roche et 
al., 2007; Otto-Bliesner and Brady, 2010). 
Tarasov and Peltier (2005; 2006) hypothesized that meltwater input to the GOM in the 
form of sediment laden hyperpycnal flows reduced the effect of freshwater runoff on AMOC 
during MWP-1a. Hyperpycnal flows are a form of turbidity current that occurs when the 
concentration of suspended sediment in the fluvial outflow increases so that the density of the 
freshwater component exceeds that of seawater, resulting in a sediment-rich, low salinity flow 
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(or current) along the seafloor (Mulder and Syvitski, 1995). GCM experiments support LIS 
meltwater contribution to MWP-1a, indicating that a significant volume of meltwater (up to 6 m 
of sea level equivalent (SLE)) may be added to the GOM with out reducing AMOC strength 
(Roche et al., 2007). Although the modern Mississippi River is incapable of reaching high 
suspended sediment loads (at least 35-45 kg/m3) sufficient to produce hyperpycnal flows, 
Aharon (2006) used deep-dwelling planktic and benthic foraminiferal δ18O on the shallow upper 
slope of the northern Gulf of Mexico (water depth ~400-500 m) to document the existence of 
hyperpycnal flows during the last deglaciation due to elevated meltwater input. While Aharon’s 
results exhibited a considerable decrease in benthic δ18O due to the input of 16O-delpeted 
meltwater suggestive of hyperpycnal flows, limited age control and the site’s close proximity to 
land makes it difficult to assess the extent of this event and the degree that it impacted the 
broader GOM. 
Turbidity currents, including those that originate from fluvial outflows (hyperpycnal), are 
known to influence the redox conditions of sediments and overlying bottom waters (Crusius and 
Thomson, 2000; Ivanochko and Pedersen, 2004), as they are characterized by high 
concentrations of dissolved oxygen (O2) and other atmospheric gases, abundant at shallower 
depths and entrained during turbid mixing processes (Emery et al., 1962; Sholkovitz and Soutar, 
1975). Thus, the redox state of these deposits greatly contrasts that of marine sediments 
accumulated during other sedimentary deposition regimes (e.g. hypopycnal meltwater input, 
when high terrigenous flux to the surface of the ocean likely increased local biologic productivity 
and high carbon flux to the led to reducing sediment conditions). 
To improve our understanding of meltwater input to the GOM during the last 
deglaciation (24-7.5 ka), and evaluate the possible occurrence of hyperpycnal flows during 
 59 
MWP-1a, we generated redox sensitive trace element profiles to reconstruct variations in the 
sedimentary redox state of Orca Basin, in the northern GOM. Orca Basin is unique in that a 
hypersaline brine lake has occupied the bottom 200 m for at least the last 8.5 kyr, resulting in 
black anoxic sediments that are rich in metastable iron sulfides (FeS) (Addy and Behrens, 1980). 
While changes in sediment color and lamination quality indicate episodic anoxia/suboxia 
persisted throughout the Last Glacial Maximum and last deglaciation, the absence of FeS and 
abundance of iron in the form of FeS2 (Leventer et al., 1983; Presley and Stearns, 1986; Sheu 
and Presley, 1986) suggests inherent differences in the processes controlling sediment redox 
state and the enrichment of redox sensitive metals. Using a suite of redox sensitive metals (e.g. 
Mn, U, Re, and Mo) facilitates the study of a broad range of redox states and allows for the 
downcore analysis of past sedimentary conditions (Colodner et al., 1993; Calvert and Pedersen, 
1993; Crusius et al., 1996; Morford and Emerson, 1999; Muratli et al., 2010). While Mn 
accumulates in oxic sediments, U and Re become authigenically enriched in suboxic sediments 
(Klinkhammer and Palmer, 1991; Colodner, 1991; Colodner et al., 1993; Calvert and Pedersen, 
1993; Crusius et al., 1996). Unlike U, Re is not scavenged from the water column by organic 
matter and thus is a pure indicator of sedimentary redox state (Ravizza et al., 1996). Authigenic 
Mo is present at low concentrations in Mn-oxides but is highly enriched in anoxic sediments, in 
the presence of hydrogen sulfide (H2S) (Crusius et al., 1996). 
While variations in sedimentary redox state may be linked to how meltwater entered the 
GOM (i.e. hyperpycnal or hypopycnal), they may also be affected by local biological 
productivity (organic carbon flux), and/or the redox state of bottom waters (Calvert and 
Pedersen, 1993; Crusius et al., 1996; Hastings et al., 1996; Sundby et al., 2004; Hendy and 
Pedersen, 2005; McManus et al., 2005). Oxygen is the principal oxidant/electron accepter 
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utilized in organic matter degradation. However, once depleted, additional oxidants are used in a 
thermodynamically predicted sequence: Mn-oxides, nitrate, iron oxhydrates, and sulfate 
(Froelich et al., 1979). Elevated local surface ocean productivity and the subsequent increase in 
organic carbon export to deep sea sediments leads to an increase in oxidant demand and a 
decrease the sedimentary oxidation state due to continued microbial breakdown of organic matter 
(Froelich et al., 1979). Downcore variations in redox sensitive metals may be further complicated 
by post-depositional remobilization and reprecipitation due to O2 diffusion into the sediments.   
Our results suggest large changes in the sedimentary redox state of Orca Basin during the 
last deglaciation that often coincide with variations in sediment lamination quality and meltwater 
input, suggesting a strong linkage between LIS deglaciation and the northern GOM depositional 
environment. Redox sensitive metal enrichment in Orca Basin also appears to be related to water 
column stratification within the basin, which may have persisted through the last deglaciation 
and Last Glacial Maximum. Our trace element records coupled with analyses of Orca Basin 
sedimentary structures and previously published bulk sediment and biomarker data (Marchitto 
and Wei, 1995; Meckler et al., 2008) improve understanding of how meltwater entered the GOM 
(i.e. hypopycnal or hyperpycnal) and the effects of glacial meltwater on local marine biologic 
productivity as well as global-scale ocean circulation patterns. 
 
3.3 Background 
The utility of redox sensitive metals as proxies for sediment redox state rests on the 
different solubilities of a given element in reducing versus oxidizing conditions. U, Mo, and Re 
are conservative and stable in seawater, but are less soluble in the pore water of reducing 
sediments, leading to authigenic precipitation of these elements in suboxic (O2 < 25 µM) to 
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anoxic environments (Morris, 1975; Ku et al., 1977; Koide et al., 1986; Klinkhammer and 
Palmer, 1991; Colodner, 1991; Anbar et al., 1992; Crusius et al., 1996; Morford and Emerson, 
1999; Morford et al., 2001). In contrast, Mn accumulates in oxidizing sediments and is mobilized 
in the absence of O2 (Pedersen and Price, 1982; Calvert and Pedersen, 1993). Because the detrital 
background concentration (Table 3.1) of these elements is low (Turekian and Wedepohl, 1961; 
Shaw et al., 1976; Koide et al., 1986; Esser and Turekian, 1993), authigenic enrichment in 
reducing marine sediments (oxidizing, in the case of Mn) is easily detected, making them 
suitable indicators of sediment redox state variability. 
 
3.3.1 Manganese (Mn) 
The surface ocean is enriched in dissolved Mn due to input of oxide coatings on 
particulate materials via riverine or aeolian processes, or diffusion from organic-rich coastal 
sediments, as well as photoreduction of Mn(IV) (Sunda et al., 1983; Sunda and Huntsman, 
1994). However, because Mn(II) is unstable in the presence of O2 and is subsequently oxidized 
to insoluble Mn(III) and Mn(IV), its concentration in seawater at depth is reduced due to 
scavenging, leading to Mn enrichment in oxic sediments. In the absence of O2, Mn(IV) oxides 
are reduced and Mn2+ and MnCl+ are remobilized into overlying waters (Bender et al., 1977; 
Pedersen and Price, 1982; Calvert and Pedersen, 1993). 
The Mississippi River is a large source of dissolved and particulate Mn (6 x 109 g and 
366 x 109 g per year, respectively) to the GOM (Trefry and Presley, 1976). As a result, organic-
rich shelf sediments in close proximity to the Mississippi Delta are highly reducing and low in 
Mn (Trefry and Presley, 1982). Further from the delta region, oxic sediments less influenced by 
fluvial input, exhibit higher [Mn]. At a site on the northern GOM slope (1150 m water depth; 
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station 24), Trefry et al. (1982) documented ~5000 ppm [Mn] in surficial sediments with “near 
complete oxidation”, suggesting that the commonly used detrital background value of Mn (850 
ppm) (Turekian and Wedepohl, 1961) may not be appropriate for this region. 
 
3.3.2 Uranium (U) 
Fluvial input of weathered limestone and organic-shales is the primary source of U to the 
global oceans (Ku et al., 1977; Palmer and Edmond, 1993). Although the reduction of dissolved 
U(VI) to U(IV) is thermodynamically favored in sulfidic waters, oceanic U remains relatively 
stable in the water column as a U(VI) carbonate ion complex, [UO2(CO3)3]4-, with a global mean 
dissolved concentration of  ~3.1 ppb (Ku et al., 1977; Langmuir, 1978; Cochran et al., 1986; 
Chen et al., 1986; Anderson et al., 1989). Reduction of U(VI) to U(IV) occurs within the 
sediments, in conditions similar to those for Fe reduction, due to the diffusion of [UO2(CO3)3]4- 
into suboxic pore waters, which leads to authigenic enrichment of insoluble uraninite (U(IV)O2) 
(less commonly U3O7 or U3O8) (Barnes and Cochran, 1990; Klinkhammer and Palmer, 1991; 
Barnes and Cochran, 1991; Crusius et al., 1996). The lack of U reduction in the water column 
may be explained by laboratory studies (Kochenov et al., 1977), which suggest organic 
substrates and/or particle surfaces are needed to catalyze U reactions (Anderson et al., 1989; 
Calvert and Pedersen, 1993; Algeo and Maynard, 2004), possibly in association with 
sedimentary bacterial sulfate reduction reactions (Sundby et al., 2004; McManus et al., 2005; 
Tribovillard et al., 2006). Other studies indicate that a portion of the dissolved U in the water 
column may also be transported to the sediments in association with non-lithogenic particulate 
organic carbon (POM) (Kumar et al., 1995; Anderson et al., 1998; Chase et al., 2001; Zheng et 
al., 2002; McManus et al., 2005). Thus, variations in U accumulation may be influenced by the 
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sedimentary redox state and/or local biologic productivity and subsequent organic carbon rain 
rate.  
 
3.3.3 Rhenium (Re) 
In reducing environments, suboxic sediments become authigenically enriched in Re(IV) 
in the form of insoluble ReO2 (Colodner et al., 1993; Crusius et al., 1996; Morford and Emerson, 
1999; Morford et al., 2005; Morford et al., 2007; Morford et al., 2009; Morford et al., 2012). 
This reduction of Re is thought to occur in the absence of both O2 and H2S, in slightly more 
reducing conditions than Fe and U, but before Mo precipitation (Crusius et al., 1996; Morford et 
al., 2005; Morford et al., 2012) (Colodner et al., 1993). Because the detrital background 
concentration of Re is extremely low, (average shale [Re] =0.4-0.5 ppb (Koide et al., 1986)), 
authigenic enrichment of Re is easily discernable, making it an ideal proxy for suboxic 
sedimentary conditions. Moreover, Re enrichment is more straightforward than other redox 
sensitive metals such as U and Mo as it is not related to Mn or Fe redox cycling, nor influenced 
by particulate organic carbon (Koide et al., 1986; Colodner et al., 1993; Crusius et al., 1996). 
 
3.3.4 Molybdenum (Mo) 
Although Mo is a biologically essential trace element, it is not concentrated in planktic 
organisms, nor does it exhibit “nutrient-like” behavior in the water column (Collier, 1985). 
Rather, Mo is relatively unreactive and exists primarily as the dissolved Mo(VI) anion, 
molybdate (MoO42-), at a concentration of approximately 10 ppb (Morris, 1975; Collier, 1985; 
McManus et al., 2006). Like U, the main source of Mo in seawater is from fluvial input (Bertine 
and Turekian, 1973). Oxic and suboxic sediments are its largest sink, representing approximately 
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half of the oceanic Mo removal (Bertine and Turekian, 1973; Morford and Emerson, 1999). 
Under oxic conditions, Mo(VI) is adsorbed onto Mn-Fe-oxyhydroxides at the sediment-water 
interface, or in the water column and transferred to the sediments, where it may be released via 
reduction, either back into the deep ocean or within pore waters if suboxic conditions occur 
within the sediments (Bertine and Turekian, 1973; Magyar et al., 1993; Crusius et al., 1996; 
Algeo and Maynard, 2004). 
While anoxic sediments comprise less than 1% of the total seafloor, they contain a 
substantial fraction (30-50%) of the total Mo via authigenic enrichment in reducing conditions 
(Emerson and Huested, 1991; Calvert and Pedersen, 1993; Colodner et al., 1995; Crusius et al., 
1996; Helz et al., 1996; Morford and Emerson, 1999; Anbar, 2004; Algeo and Maynard, 2004; 
McManus et al., 2006). The presence of dissolved H2S in sediment pore waters appears to be a 
key requirement for Mo enrichment via reduction of Mo(VI) in pore waters to Mo(IV), in the 
form of particle reactive thiomolybdates (MoS42-) (Bertine, 1972; Emerson and Huested, 1991; 
Calvert and Pedersen, 1993; Crusius et al., 1996; Helz et al., 1996; Zheng et al., 2000; Hendy 
and Pedersen, 2005). 
 
3.4 Study site 
Orca Basin is a 400 km2 mini-basin located on Louisiana lower continental slope, ~300 
km southwest of the modern Mississippi River delta in the northern Gulf of Mexico (Shokes et 
al., 1977) (Figure 3.1). While it is one of over 70 intra-slope basins in the northern GOM, the 
Orca Basin is unique in that the dissolution of exposed salt originating from the deeply buried 
Jurassic Louann Formation, has filled the basin with a 200 m thick anoxic hypersaline (>250‰) 
brine lake (Shokes et al., 1977; Tompkins and Shephard, 1979; Pilcher and Blumstein, 2007). 
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Core MD02-2550, a 9.09 m long giant box core (25 x 25 cm), was recovered in 2002 by the R/V 
Marion Dufresne, from the slope of the basin in 2248 m water depth (26°56.78′N, 91°20.75′W) 
(Winters et al., 2004). Chronological control is based on fifty-five AMS 14C dates from 
monospecific foraminifer G. ruber (white and pink varieties) and described in Chapter 2 (Figure 
3.2).  
 
Figure 3.1 Location of the Orca Basin (this study), Pigmy Basin, Louisiana Slope (LOUIS) and 
Block MC118 cores, in the northern GOM. 
 
The late Quaternary sedimentary sequence of Orca Basin, contains laminations and color 
variations (Chapter 2; Meckler et al. 2008) that suggest changes in the depositional environment 
including episodic suboxic to anoxic conditions (Figure 3.2). The base of the core (909-611 cm; 
24.1-18.1 ka) consists of light-to-medium brown bioturbated sediments, interrupted by a few 
intervals of black laminations at 905-895, 883-874, and 862-851 cm (24.06-23.88, 23.66-23.50, 
and 23.32-23.16 ka, respectively), followed by a shift to darker grey, non-continuous laminations 
from 611-568 cm (18.1-17.0 ka). At 568 cm, lamination quality significantly improves and dark 
grey laminations continue until 394 cm (13.2 ka), with the exception of a 19-cm homogenous 
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interval from 456 to 437 cm. This homogenous layer is interpreted as an instantaneous 
sedimentation event at 14.4 ka, possibly due to increased meltwater input (Chapter 2; Leventer et 
al., 1983; Kennett et al., 1985; Sionneau et al., 2010). A rapid deterioration of lamination quality 
and transition to light brown sediments occurs at 394 cm. Lamination quality improves around 
301 cm and sediments shift grey (268 cm; 9.4 ka) then black (232 cm; 8.5 ka), marking the onset 
of hypersaline brine accumulation (Addy and Behrens, 1980).  
 
3.5 Methods 
3.5.1 HF-assisted sediment digestions 
Core MD02-2550 was sampled at 2 cm resolution from 42 to 902 cm. Samples were oven 
dried (~10°C for approximately 24 hours) and homogenized with an agate mortar and pestle. A 
~50 mg aliquot of sediment powder underwent a complete sediment digestion using methods 
modified from Murray and Leinen (1993) and Morford et al. (1999). Sediment samples were 
digested in sealed Savillex® Teflon digestion bombs using a microwave oven, and concentrated 
hydrofluoric (HF) and nitric (HNO3) acids (Fisher, optima grade). After microwaving, the 
dissolved sample/HF solutions were transferred into Teflon beakers and dried down on a hot 
plate. To ensure the complete removal of any residual HF, samples underwent a series of 
repeated dry downs using 2-4 mL of concentrated HNO3 and aqua regia (3:1 volume ratio of 
hydrochloric (HCL) and HNO3). Last, a 2 mL aliquot of hydrogen peroxide (H2O2; 30% Fisher) 
was added to each sample to oxidize any remaining organic matter and left overnight. Sample 
solutions were transferred to 30 mL acid-cleaned narrow-mouth high-density polyethylene 
(HDPE) Nalgene bottles, diluted with 1% HNO3 (Fisher, trace metal grade) for a total mass of 
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approximately 30 g, and tightly sealed with Parafilm under each sample lid in a refrigerator (1.5-
3.5°C) until analyzed. 
 
Figure 3.2 Core MD02-2550 lithology and sedimentation rate. The top 30 cm of the core was 
not photographed due to missing sediment. Lithological units 1-6 are described in the text. 
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 Each set of digestions included one procedural blank to monitor contamination and 
laboratory method consistency, one PACS-2 marine sediment standard, (collected from 
Esquimalt harbor, B.C. and certified by the National Research Council of Canada), nine unique 
Orca Basin sediment samples (selected randomly; not in core depth order), and one duplicate 
sediment sample. A yield tracer containing 500 µL of 2 ppm Tb was added to each Teflon bomb 
before microwaving to monitor sample loss during digestion and analysis. 
 
3.5.2 Q-ICP-MS method and sample analysis 
 101 dissolved Orca Basin sediment samples were analyzed for redox sensitive metals 
(55Mn, 98Mo, 187Re, 238U) using the spectrum analysis acquisition mode on an Agilent 7500cx Q-
ICP-MS at the University of South Florida College of Marine Science. To minimize 
interferences, 55Mn was acquired in gas (He) mode. To avoid matrix effects, raw instrumental 
counts were converted to metal concentrations using a 6-point calibration line, comprised of a 
diluted base mixture of digested PACS samples with varying quantities of concentrated spike 
(containing Mn, Mo, Tb, Re, and U). An internal standard spike was added to all solutions 
(samples, standards, blanks, and calibration line) before analysis to correct for drift due to 
physical matrix effects (72Ge for Mn; 115In for Mo, Tb, and Re; 209Bi for U). 
Precision and accuracy results for all metals are described in Table 3.1. Quantification 
limits, based on the standard deviation of the procedural blank multiplied by 10 were 0.026 ppm, 
0.11 ppb, 0.50 ppt, and 0.06 ppb for Mn, Mo, Re, and U, respectively. Instrumental precision (% 
RSD) based on a single gravimetric calibration standard, run four times per instrumental run 
(n=15) was 4.1%, 2.0%, 1.1%, and 0.9% for Mn, Mo, Re, and U, respectively. Reproducibility of 
the complete method (sample preparation, digestion, and analysis), determined by replicate 
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analysis (n=12) of the PACS-2 standard was 10% for Mn and <5% for Mo, Re, and U. 11.8% 
(n=12) of our sample data was replicated. The mean standard deviation (1σ) was 3.8% (30.08 
ppm), 5.4% (0.25 ppm), 2.9% (0.15 ppb), and 3.5% (0.10 ppm) for Mn, Mo, Re, and U, 
respectively. All data is included in Table D.11. 
 
Table 3.1 Accuracy and precision of samples, standards and blanks. 
 
Element 
Detrital 
Conc1  
Quantification 
Limits2 
PACS-2 
(known conc.)3 
PACS-2 
(meas ± std dev (RSD)4 
Replicate 
Precision5 
[Mn] (ppm) 850 0.026 440±19 296±30 (10%) 3.8% 
[Mo] (ppm) 2.6 1.1 x 10-4  5.43±0.28 4.49±0.22 (4.9%) 5.4% 
[Re] (ppb) 0.5 5.0 x 10-4 5.12±0.09 4.75±0.19 (3.9%) 2.9% 
[U] (ppm) 2.5 6.0 x 10-5  2.08±0.14 2.12±0.10 (4.8%) 3.5% 
1 Mn and Mo values are based on the average shale value reported in Turekian and Wedepohl, 
(1961); Re values are from Koide et al. (1986) and Esser and Turekian (1993); the detrital 
concentration for U is based on upper crust material from the Precambrian Canadian Shield 
(Shaw et al., 1976).  
2 standard deviation of the procedural blank multiplied by 10. 
3 All values are certified by the National Research Council of Canada except for [Re] and [U], 
which are reported in Morford et al. (2009) and Morford et al. 2001, respectively.  
4 based on separate digestions of the PACS-2 standard (n=12). RSD is expressed as a percentage 
and calculated using the following equation: RSD = (std dev/mean) x 100. 
5 Average replicate RSD (n=12). 
 
3.6 Results 
Orca Basin sediments exhibit downcore variations in [Mn], [Re], [U], [Mo] that coincide 
with lithologic changes and suggest episodic sub-oxic to anoxic conditions, prior to the buildup 
of hypersaline brine at 8 ka (Addy and Behrens, 1980; Weber and Sackett, 1981; Leventer et al., 
1983; Meckler et al., 2008; Tribovillard et al., 2008) (Figure 3.2, 3.3). 
 
3.6.1 Unit 1: 909-570 cm (ca. 24.1-17.0 ka) 
In general, [Mo], [Re], [U], and [Mn] are low in the light-to-medium brown bioturbated 
sediments within unit 1, relative to laminated sediments in Unit 2. In unit 1a (909-834 cm), light 
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non-continuous laminations are interrupted by a few intervals of black laminations at 905-895, 
883-874, 862-851 cm, which may be related to two brief peaks in Mo centered at 894 and 852 
cm. [Mo] is otherwise low from 840-580 cm with mean values (1.03±0.33 ppm) less than that of 
average shale (~2.6 ppm) (Turekian and Wedepohl, 1961; Wedepohl, 1971). [U] is also low, but 
exhibits a slight enrichment relative to the detrital background (detrital [U] = 2.5 ppm; mean [U] 
= 2.78± 0.35 ppm from 902-580 cm). Mn and Re exhibit moderately elevated concentrations in 
unit 1a and at the lower portion of unit 1b from 880-740 (mean [Mn] = 1254±317 ppm) and 852-
740 cm (mean [Re] = 6.14±1.74 ppb), respectively, followed by a decrease to detrital (or near 
detrital) values. Although Orca Basin sediments become increasingly gray in color and exhibit 
non-continuous laminations at 611-570 cm (unit 1c), redox sensitive metals do not exhibit any 
corresponding increase. 
 
3.6.2 Units 2a and 2b: 568-458 cm (ca. 17.0-14.4 ka) and 436-392 cm (ca. 14.4-13.1 ka) 
 Unit 2a (568-456 cm) is characterized by the onset of darker grey sediment laminations 
and a rapid increase in [Mo], [Re] and [U] to mean concentrations of 6.16±3.94 ppm, 8.29±2.45 
ppb and 3.03±0.31 ppm from 568-458 cm, respectively. While [Mo], [Re], and [U] exhibit 
similar trends during unit 2a that reflect their authigenic enrichment in reducing sedimentary 
conditions, [Mo] decreases to values near or less than of the detrital background from 542-486 
cm. With the exception of unit 3, U, Re, and Mo remain authigenically enriched through unit 2b 
(mean [Mo], [Re], and [U] = 12.24±5.96 ppm, 9.58±2.84 ppb and 3.47±0.44 ppm from 436-392 
cm, respectively) until the abrupt deterioration of sediment laminations and corresponding 
decrease in [U], [Re], and [Mo] at 394 cm. Unit 2b is distinctly different from unit 2a in that [U], 
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[Re], and [Mo] are all significantly elevated above background values. There is no [Mn] 
enrichment during these intervals. 
 
 
Figure 3.3 Downcore variations in sediment lamination quality and [Mo], [Re], [U], and [Mn] 
from Orca Basin bulk sediments. 
 
3.6.3 Unit 3: 456-437 cm (ca. 14.4 ka) 
Unit 3 is a 19-cm homogenous layer (456-437 cm), interpreted as an instantaneous 
sedimentation event, possibly due to increased meltwater input (Leventer et al., 1983; Kennett et 
al., 1985; Sionneau et al., 2010), that exhibits a decrease in [Mo], [Re], and [U]. Mean [Mo], 
[Re], and [U] are 3.77±1.64 ppm, 6.87±1.00 ppb and 2.58±0.41 ppm from 456-437 cm, 
 72 
respectively. While sediments within the homogenous layer exhibit the lowest enrichment of 
redox sensitive metals, adjacent samples are also depleted: [Mo] is low at 436, 434, 430 cm, [Re] 
is low at 458 cm, and [U] is low at 458 and 436 cm.  
 
3.6.4 Units 4-6: 394 cm-core top (ca. 13.1 ka-Late Holocene) 
While the mean [Mn] (864±624 ppm) is similar to that of average shale (~850 ppm) 
(Turekian and Wedepohl, 1961; Wedepohl, 1971), [Mn] greatly exceeds this global average 
during a brief but distinct peak at 392-380 cm (mean [Mn] = 2524±1121 ppm), coincident with a 
rapid deterioration of sediment laminations and transition to light brown sediments (394 cm) at 
the base of unit 4. Synchronous to the Mn excursion, [U], [Re], and [Mo] exhibit an abrupt 
decrease to detrital (or nearly detrital) values: mean [Mo] = 0.70±0.33 ppm at 390-300 cm; mean 
[Re] = 2.88±1.27 ppb at 390-300 cm; mean [U] = 2.12±0.38 ppm at 390-340 cm. Unit 5 (301-
232 cm) is characterized by the return of sediment laminations and a moderate increase in [Mo], 
[Re], and [U]. At 232 cm (unit 6), laminations become black due to the presence of FeS, marking 
the onset of hypersaline brine accumulation (Addy and Behrens, 1980). During this interval, 
[Mn], [Mo], and [U] decrease below the detrital background concentration.  Re values are very 
low, but slightly higher than the detrital value of <0.5 ppb (Koide et al., 1986; Esser and 
Turekian, 1993) 
 
3.7 Discussion 
Redox sensitive trace metal data are reported as bulk sediment ([Metal]Bulk) and 
carbonate-free ([Metal]CF) corrected concentrations, using weight % of calcium carbonate (wt % 
CaCO3) data from Meckler et al. (2008) (Figure 3.4). Because the [Metal]Bulk is calculated based 
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on the pre-digested sediment sample mass, the carbonate-free trace metal concentrations 
([Metal]CF = ([Metal]Bulk x 100)/(100 wt % CaCO3)) eliminates the dilution effect of biogenic 
carbonates in marine sediments. For example, if two samples have the same [Metal]Bulk, but 
sample A contains 50% CaCO3 and sample B contains 10% CaCO3, carbonate-free correction is 
need to accurately express the higher enrichment of redox sensitive metals in sample A than 
sample B. Because the wt  % CaCO3 is inversely related to % detritus in core MD02-2550, the 
carbonate-free correction provides a similar function as Al-normalization (Weber and Sackett, 
1981; Prahl et al., 2003; Pattan and Pearce, 2009; Algeo and Tribovillard, 2009). All redox 
sensitive metal concentrations are reported as their carbonate-free equivalent in the discussion 
unless stated otherwise. These data are nearly identical to their bulk (uncorrected) counterparts 
due to the relatively low variability in wt % CaCO3 (mean wt % CaCO3 = 11.32±2.58). Redox 
sensitive metal concentrations reflect the lithogenic background signal, often defined by the 
concentration of average shale (Turekian and Wedepohl, 1961), as well as authigenic enrichment 
due to sedimentary redox conditions. In general, authigenic enrichment may be inferred only 
when sedimentary concentrations exceed that of the detrital background. However, this 
encompasses a suite of assumptions: 1) the detrital background value is representative of the 
regional lithogenic concentration; 2) sediment enrichment is primarily a function of authigenic 
processes due to redox conditions (i.e. no other inputs such as hydrothermal vents); and 3) the 
regional background value is constant over time. 
 
3.7.1 The Last Glacial Maximum and early deglaciation (ca. 24-17 ka) 
In general, Mn, U, Re, and Mo profiles from the Orca Basin exhibit millennial-scale 
variations that correlate with downcore stratigraphy and suggest changes in sedimentary redox 
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state during the last deglaciation (ca. 24-7 ka) (Figure 3.4). Lamination quality is dependent on 
variations in sediment input (flux) and composition (source material, grain size, biological 
activity), as well as the depositional environment and potential factors that inhibit (e.g. 
bioturbation, erosion, slumping) or preserve (e.g. reducing conditions) laminae formation. Last 
Glacial Maximum and early deglaciation sediments (ca. 24-17 ka) appear bioturbated, with the 
exception of a few intervals of black laminations at the base of the core (unit 1a; ca. 24.0-22.9 
ka), and a shift to darker grey, non-continuous laminations at ca. 18.1-17.0 ka (unit 1c). [Mo]Bulk 
exhibits two brief peaks (<100 years) centered at ca. 23.9 ka (898-894 cm) and at ca. 23.1 ka 
(852-850 cm) that coincide with layers of black sediment, ([Mo]CF only resolves one of these 
peaks due to low resolution of the wt %CaCO3), suggest reducing conditions. We speculate that 
these short-lived events, also documented in nearby Orca Basin core EN32-PC6 (Leventer et al., 
1983), were a result of increased terrigenous and riverine input due to Orca Basin’s proximity to 
the North American continent during low sea level (Chapter 2; Williams et al., 2012).  
From ca. 21.0-17.0 ka, low [Mo] (mean=2.60 ppm), [Re] (mean=5.94 ppb), and [U] 
(mean=3.23 ppm) suggests an increase in the sedimentary oxidation state. Although [Mn] ranges 
from 340 to 2185 ppm, it is less than the detrital value, indicating negligible authigenic 
enrichment. These data suggest that bottom waters overlying the Orca Basin were slightly 
reducing and/or the organic rain rate was sufficiently high to maintain a very shallow O2 
penetration depth that prohibited Mn-oxide formation. Because TOC comprises less than 1.1% of 
the sediments during this interval (Meckler et al., 2008), high organic carbon flux alone is an 
unlikely driver of sedimentary redox variability. Non-continuous laminations are visible from ca. 
18.1-17.0 ka (unit 1c), but there is no change in sensitive metal accumulation, suggesting non-
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continuous laminae formation was not due to a change in sedimentary redox state, but may be 
related to changes in sediment input. 
 
 
 
Figure 3.4 Comparison of [Metal]CF to NGRIP δ18Oice, and GOM G. ruber (white) δ18Oivc-sw, 
δ13Corg, and % TOC from ca. 24-7 ka (200-900 cm). Note that a single data point at ca. 1.3 ka (42 
cm) near the core top is not included. Dotted lines on [Metal]CF records indicate average shale 
concentrations (Table 1). The lithology key is included in Figure 3.3 and 3.2. Yellow bars 
indicate intervals of reducing sedimentary conditions. The hyperpycnal plume at ca. 14.4 ka is 
denoted by the gray bar. YD-Younger Dryas; B/A-Bølling-Allerød; MI-Mystery Interval.  
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3.7.2 Reducing conditions and basin stratification during LIS meltwater input (ca. 17 ka) 
The onset of sediment laminations, transition from brown to darker grey sediment color, 
and increase in [Mo], [Re], and [U] suggest a decrease in the oxidation state of Orca Basin 
sediments at ca. 17.0 ka (568 cm) (Bertine, 1972; Lyle, 1983; Buckley and Cranston, 1988; Helz 
et al., 1996; König et al., 1997; Erickson and Helz, 2000) (Figure 3.4). Authigenic enrichment of 
Mo and the formation of FeS2, which requires microbial reduction of sulfate (SO42-) to H2S 
(Berner, 1970; Berner, 1984; Raiswell and Berner, 1985), occurs only within well-laminated 
sediments in units 2a, 2b and 5, and may indicate reducing sedimentary conditions were required 
for laminae formation. The downcore relationship between redox sensitive metal concentrations, 
TOC, and meltwater input provides insight on the mechanisms controlling Orca Basin 
sedimentary redox state. The strong correlation between redox sensitive metal concentrations and 
TOC (r2>0.38), and the nearly synchronous increase in [Mo], [Re], and [U] and LIS meltwater 
input inferred from planktic foraminiferal-based δ18Osw and Ba/Casw reconstructions (Chapter 2; 
Williams et al., 2012), suggests that Orca Basin sedimentary redox conditions and laminations 
were driven primarily by elevated organic carbon rain rate due to meltwater flux (Figure 3.4). 
While it is possible that the increase in TOC at ca. 17.0 ka is a result of organic matter 
preservation in reducing sediments, elevated Carbon/Nitrogen (C/N) ratios, and biomarker and 
bulk sediment analyses indicate that terrigenous input, containing high quantities of organic and 
inorganic nitrogen, terrigenous clays, and contemporaneous and reworked nannofossils (pollen 
grains, spores, dinocysts) accompanied meltwater flow to the GOM (Leventer et al., 1983; 
Marchitto and Wei, 1995; Meckler et al., 2008; Sionneau et al., 2010; Meckler et al., 2011). 
Moreover, the high bulk sediment δ15N values, elevated dinosterol concentrations (derived from 
marine dinoflagellates), and an increase in the wt % CaCO3 suggest that meltwater likely entered 
 77 
the GOM at the surface (hypopycnal), enhancing surface ocean nutrient availability and local 
biological productivity (Meckler et al., 2008; Meckler et al., 2011). Note that C/N ratios may 
also increase due to diagenesis and the loss of highly labile nitrogen-rich compounds; however, 
the % of total nitrogen increases at the onset of sediment laminations (ca. 17.0 ka). 
Although Mo, Re, and U display similar downcore profiles, Mo enrichment is 
unexpectedly high in laminated sediments, compared to more moderate [Re], and relatively low 
[U] and % TOC (<2%). For example, anoxic Black Sea sediments that underlie bottom waters 
with high concentrations of H2S (~400 µM) exhibit similar [Mo] (20-40 ppm), but much higher 
[Re] (30-50 ppb) (Crusius et al., 1996). Santa Barbara Basin sediments spanning the last 50-20 
ka, exhibit similar Re enrichment (5-15 ppb) and % TOC variability (1-2%) to Orca Basin 
sediments, but lower [Mo] (<10 ppm) (Ivanochko and Pedersen, 2004). While Orca Basin 
exhibits maximum [U] in laminated sediments (units 2a, 2b), the overall enrichment is very low 
(maximum enrichment factor is <2), especially when considering that the hypothesized increase 
in marine productivity due to meltwater input should increase U accumulation in the sediments 
(Anderson et al., 1989; Calvert and Pedersen, 1993; Algeo and Maynard, 2004). 
Previous studies have documented low U and high Mo enrichment in the black, anoxic 
sediments (ca. 8.5 ka-modern) that underlie the hypersaline brine layer in Orca Basin (Weber and 
Sackett, 1981; Tribovillard et al., 2008). Anoxic conditions result from continual organic matter 
input and increased water column stratification (due to the density of the brine layer), which 
restricts O2 renewal across the seawater-brine interface (Leventer et al., 1983; Schijf, 2007; 
Tribovillard et al., 2008). Weber and Sacket (1981) and Algeo and Lyons (2006) hypothesized 
that due to the strong pycnocline, which inhibits mixing and diffusion across the seawater-brine 
interface, the dissolved trace metal inventory of the brine layer is quickly depleted as trace 
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metals are sequestered by reducing sediments. This mechanism has been termed the “basin 
reservoir effect”. Two explanations for the high enrichment of sedimentary Mo (enrichment 
factor ranges from 14-51; Tribovillard et al., 2008a) have been proposed: 1) Mo is transported 
into the brine via a “particle shuttle”, associated with Mn-cycling and organic matter degradation 
at the seawater-brine interface (Trefry et al., 1984; van Cappellen et al., 1998; Algeo and 
Tribovillard, 2009); and 2) the episodic enrichment of H2S in the otherwise low-H2S basin 
transforms Mo into a highly reactive thiomolybdate (MoOxS4-x; x=0-3), which is then scavenged 
by FeS (Bertine, 1972; Emerson and Huested, 1991; Calvert and Pedersen, 1993; Crusius et al., 
1996; Helz et al., 1996; Zheng et al., 2000; Hendy and Pedersen, 2005). 
We propose a similar hypothesis to account for the discrepancy between high [Mo], and 
low to moderate [Re], [U], and TOC in laminated Orca Basin sediments during deglacial LIS 
meltwater input. One large difference that must be taken into consideration is the abundance of 
FeS2 in laminated deglacial sediments (Leventer et al., 1983), and lack of FeS2 accumulation in 
anoxic Holocene sediments, due to negligible H2S concentrations (Addy and Behrens, 1980; 
Sheu and Presley, 1986; Sheu et al., 1988; van Cappellen et al., 1998; Tribovillard et al., 2008). 
Previous studies suggest that low rates of microbial sulfate reduction may be responsible for low 
H2S concentrations (van Cappellen et al., 1998; Tribovillard et al., 2008). While microbial 
sulfate reduction was a pathway for organic matter degradation within the seawater-brine 
interface, highly degraded organic matter may not be sufficient to support continued sulfate 
reduction within the brine (van Cappellen et al., 1998). Addy and Behrens (1980) concluded that 
the accumulation of FeS2-poor black muds over the last 8.5 ka represented the occupation of a 
hypersaline brine lake at the base of Orca Basin. However, elevated sediment pore water 
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salinities to depths as great as 30 m suggest hypersaline conditions may have persisted for over 
the last 50 kyr (Presley and Stearns, 1986). 
We speculate that weak stratification of Orca Basin deep waters due to the dissolution of 
Jurassic-age salt during the Last Glacial Maximum and deglaciation, limited/slow renewal of 
deep waters (i.e. a weak basin reservoir effect) and reduced (but did not prevent) Re and U 
enrichment (Weber and Sackett, 1981; Leventer et al., 1983; Algeo and Lyons, 2006; 
Tribovillard et al., 2008; Algeo and Tribovillard, 2009). It is important to note that the 
stratification of deep water, proposed for the last deglaciation was similar to that observed in the 
Holocene, but weak mixing and limited diffusion of trace metals across the density gradient is 
required to explain moderate [Re] and [U] enrichment in reducing sediments. POM may have 
undergone moderate degradation via microbial Mn and sulfate reduction within the weak 
pycnocline, yet, continued sulfate reduction in anoxic sediments is needed to produce H2S for the 
formation of FeS2 and authigenic Mo enrichment. It is also possible that Mo enrichment via the 
Mn-cycling and the particulate shuttle was greater during the last deglaciation due to greater 
TOC input, relative to the Holocene (van Cappellen et al., 1998; Tribovillard et al., 2008; Algeo 
and Tribovillard, 2009).  
There are obvious changes in carbonate preservation during the Last Glacial Maximum 
and deglaciation (Leventer et al., 1983) that suggest Orca Basin sediments were not persistently 
anoxic. Yet, the lack of substantial Mn accumulation in the absence of Re, U, and Mo until ca. 
13.1 ka suggests at least suboxic sedimentary conditions, induced by a weakly restricted Orca 
Basin. We speculate that water column stratification was in place at the time of meltwater input 
at ca. 17.5 ka, but may have been disturbed at least once by meltwater-related turbidite at ca. 
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14.4 ka (see section 3.6.4); however, elevated salinities within the basin may have extended 
through the Last Glacial Maximum as suggested by Presley and Sheu (1986).  
 
3.7.3 Orca Basin turbidite associated with MWP-1a (14.4±0.10 ka) 
Laminated sediments in units 2a and 2b of core MD02-2550 are interrupted by a 19-cm 
homogenous layer (456-437 cm; unit 3) that is also identified in nearby Orca Basin cores 
(MD02-2552, EN32-PC6, EN32-PC4), and interpreted as an instantaneous sedimentation event 
at ca. 14.4 ka (this study; Chapter 2; Leventer et al., 1983; Kennett et al., 1985; Meckler et al., 
2008; Sionneau et al., 2010; Wickert et al., 2013) (Figure 3.5). The decrease in authigenic 
enrichment of Mo, Re, and U suggests an increase in the oxidation state of sediments due to 
input of oxidizing sediments in the otherwise highly reducing environment. Mo and U exhibit 
near detrital concentrations (mean [Mo] and [U] = 4.07 and 2.73 ppm, respectively); [Re] 
displays a moderate decrease (mean [Re] = 7.42 ppb), but remains elevated above the detrital 
background (~0.5 ppb), indicative of sediment suboxia, with considerably less reducing 
conditions than displayed before and after the event. 
The increase in oxidation state, inferred from the decrease in redox sensitive metal (Mo, 
Re, and U) enrichment, and high quantity of terrigenous material, suggest that the homogenous 
layer identified in Orca Basin sediments at 14.4±0.10 ka, represents a turbidite, likely related to 
deglacial LIS meltwater flux. The turbidite was deposited during an interval of continued 
meltwater input, which suggests that its occurrence was driven by an increase in meltwater flux 
at ca. 14.4 ka, and indicates LIS deglaciation contributed to the 14-18 m SLE of rapid deglacial 
sea-level rise during MWP-1a (ca. 14.65-14.31 ka) (Fairbanks, 1989; Peltier and Fairbanks, 
2006; Deschamps et al., 2012). While high meltwater flux to the GOM is capable of decreasing 
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NADW formation (Otto-Bliesner and Brady, 2010), which contradicts the increase in AMOC 
strength at the onset of the Bølling-Allerød (McManus et al., 2004), we speculate the turbidite at 
14.4±0.10 ka was generated by a hyperpycnal flow of LIS meltwater via the Mississippi River. 
This idea is supported by other proxy-based and modeling studies: Carlson (2009) estimated that 
~2.7 m SLE entered the GOM during MWP-1a in the form of both hypopycnal and hyperpycnal 
flows, and Wickert et al. (2013) modeled a smaller quantity of glacial meltwater input, 
approximately 0.66 m SLE. These estimates are considerably less than the 6 m SLE that Roche 
et al. (2007) suggests could impact AMOC strength.  
Additional proxy records from Orca Basin support a large flux of meltwater to the GOM 
coincident with the turbidite identified in core MD02-2550 at 14.4±0.10 ka. Bulk sediment 
proxies and biomarker analysis (C/N, % detritus, δ13Corg, and the abundances of long-chain n-
alkanes, pollen grains, Paleozoic/Upper Cretaceous spores) from core MD02-2550 provide 
evidence for a brief interval of increased terrigenous input in sedimentary unit 3 (Meckler et al., 
2008). In core EN32-PC4, a peak in reworked (extinct) Cretaceous and Tertiary calcareous 
nannofossils abundance was identified within a homogenous interval coincident to that in core 
MD02-2550 (Marchitto and Wei, 1995) (Figure 3.5). Reworked calcareous nannofossils are used 
as a proxy for deglacial meltwater flux as increased abundance is thought to represent enhanced 
erosion within the Mississippi River watershed. The peak in reworked calcareous nannofossils 
abundance also coincides with an decrease in median grain size to <0.37 µm and increase in 
smectite-rich clays in cores EN32-PC4 and EN32-PC6, which represent significant erosion of 
Mississippi River tributaries due to a large meltwater flux (Knox, 1996; Brown and Kennett, 
1998). 
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Figure 3.5 Redox sensitive metal enrichment during LIS meltwater input. Yellow shading 
indicates interval of Mo, Re, and U enrichment during meltwater input to the GOM. They gray 
bar indicates the 19-cm homogenous interval, interpreted as a turbidite. Core MD02-2550 
lithology is included in Figure 3.3 and 3.2. 
 
Other studies beyond Orca Basin support the occurrence of an increase in LIS meltwater 
flux, possibly associated with large-scale turbidity currents, concurrent to MWP-1a, in the 
northern GOM. Pygmy Basin, located approximately 50 km north of Orca Basin exhibits a 
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homogenous layer, coincident with the core MD02-2550 turbidite and MWP-1a (Montero-
Serrano et al., 2009). Numerous sediment cores located ~150 km south of Gulfport, Mississippi 
(Block MC118) (Figure 3.1) exhibit red bands and a peak calcareous nannofossils abundance 
that coincide with the peak in nannofossils and turbidite in Orca Basin (Ingram et al., 2010) and 
low deep-dwelling planktic (N. dutertrei) and benthic (U. peregrina) foraminifer δ18O in 
Louisiana shelf sediments (Aharon, 2006) (Figure 3.5). Additionally, sediments from the upper 
continental slope in the Bryant Canyon area (core JPC-26) exhibit elevated concentrations of 
terrigenous sourced elements (Si, K, Ti, Cr, Fe, and Ni) from 16-10 ka and a brief interval of 
high Ba/Al from 14.6-13.7 ka that suggest a large increase in riverine input (Karageorgis et al., 
2012; Tripsanas et al., 2013). A regionally persistent seismic reflector, associated with an 
increase in silt deposition and major mass sediment transport processes, including turbidity 
flows, has also been identified at numerous sites along the Sigsbee Escarpment and dated 
to14.97±0.58 ka, coincident with MWP-1a (Slowey et al., 2003) (Young et al., 2003). Last, 
Erilingsson (2008) hypothesized that a large captured lake under the LIS, stretching from 
Hudson Bay to Great Lakes region, supplied freshwater to the GOM in the form of a turbidity 
current, at the onset of the Bølling. In this model, meltwater input at depth resulted in increased 
Gulf Stream surface water flow through the Florida Straits, which rejuvenated AMOC strength 
(Erlingsson, 2008). 
The relationship between meltwater input, northern hemisphere deglaciation, and AMOC 
strength is currently not well understood. While some studies hypothesize that a Southern 
Hemisphere meltwater source would strengthen AMOC and initiate Bølling warming and 
Northern Hemisphere ice sheet melting, others suggest that AMOC rejuvenation, subsequent 
warming and sea-level rise were the cause of Antarctic Ice Sheet destabilization (Weaver et al., 
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2003; Deschamps et al., 2012). AMOC rejuvenation at the onset of the Bølling (ca. 14.7 ka) has 
been attributed to the rerouting of LIS meltwater from the northern North Atlantic and/or Arctic 
Ocean during the Mystery Interval and Heinrich 1 Stadial, to the GOM, a region less sensitive to 
freshwater forcing (Liu et al., 2009). However, continued meltwater input to the GOM during the 
Mystery Interval and the Bølling-Allerød refutes the idea of a simple on-off switch in meltwater 
(Williams et al., 2012). We speculate that the way in which meltwater entered the global oceans 
(i.e. at depth or as a freshwater lens) was more important than previously considered. 
Hypopycnal input of meltwater to the GOM before the onset of the Bølling (ca. 17.5-14.5 ka) 
was incorporated into the Loop Current and likely preconditioned the northern North Atlantic for 
changes in AMOC strength (Otto-Bliesner and Brady, 2010; Williams et al., 2012). At 14.4±0.10 
ka, a portion of MWP-1a, entrained with high quantities of terrigenous material (possibly due to 
increased flux and erosion) entered the GOM, triggered a series of turbidity flows, with 
negligible affects on AMOC. 
 
3.7.4 Impact of turbidite on redox sensitive metal enrichment and basin stratification 
The turbidite identified in Orca Basin at 14.4±0.10 ka was deposited during an interval of 
sedimentary suboxia/anoxia, attributed to high input of terrigenous and marine organic matter. 
Exposure of reducing sediments to the turbidite unit (higher oxidation state) results in the 
remobilization of authigenically enriched redox sensitive metals (Mo, Re, and U) (Colodner, 
1991; Colodner et al., 1992; Colodner et al., 1993; Crusius and Thomson, 2000). The extent of 
remobilization and organic matter remineralization or “oxidative burndown” is dependent on 
sediment diffusivity (O2 penetration depth), which is a function of sedimentation rate and the % 
TOC. Reimmobilization of oxidized metals occurs at a variable depth range below the O2 
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penetration front and results in a post-depositional “burndown peak” (Crusius and Thomson, 
2000). In the Madeira Abyssal Plain, deposition of turbidites in a very low sedimentation rate 
environment (0.5-1 cm/kyr) results in Re burndown peaks that range in depth from 0.5 to 3 m, 
while U is consistently reimmobilized over approximately 0.5 m (Crusius and Thomson, 2000). 
Mo is only reimmobilized in the form of FeS2 (Crusius and Thomson, 2000). Due to high 
accumulation (mean sedimentation rate: 45 cm/kyr; minimum: 20 cm/kyr at ca. 20.5-19.6 ka) of 
Orca Basin sediments throughout the last deglaciation, the effect of burndown may be limited 
and certainly not as high as those proposed for environments with low sedimentation rates (<10 
cm/kyr) (Crusius and Thomson, 2000; Ivanochko and Pedersen, 2004). 
The extent of O2 penetration and burndown due to turbidite deposition at 14.4±0.10 ka is 
difficult to assess due to the many drivers of redox metal accumulation in Orca Basin (e.g. 
sediment/water redox variability, deep water stratification and bottom water trace metal 
inventories, Mo enrichment independent of redox conditions) during the last deglaciation. The 
redox boundaries at ca. 13.1 and 17.0 ka limit the Mo, Re, and U available for remobilization due 
to turbidite deposition. In other words, Mo, Re, and U accumulation below the turbidite (unit 2a; 
ca. 17.0-14.4 ka) may have remobilized/reimmobilized within unit 2a but did not influence 
burndown and redox sensitive metal concentrations in unit 2b (ca.14.4-13.1 ka), and vice versa. 
Because the turbidite itself slightly enriched in Re and not Mn, it is possible that some reduction 
of organic matter occurred over time, decreasing the TOC content and remobilizing any 
accumulated Mn. Higher [Mo], [Re], [U] above (below) the turbidite unit may be a result of 
reimmobilized metals that were originally deposited deeper (shallower) in the core and 
remobilized. If burndown and authigenic metal remobilization occurred, a corresponding 
decrease in % TOC above and below the turbidite unit should also be resolved. The % TOC is 
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significantly higher above and below the turbidite unit (Figure 3.5). A 7-cm interval immediately 
below the turbidite appears slightly lower in % TOC (mean % TOC=1.27±0.07 at 463-457 cm), 
but is not statistically different than the downcore TOC accumulation (mean % TOC=1.30±0.14 
at 568-463 cm), suggesting the increase in oxidation state (inferred from low [Mo], [Re], and 
[U]) is limited to the homogenous turbidite layer (456-437 cm) with no substantial O2 diffusion 
into pore waters of sediments accumulated above or below. Nevertheless, it is possible that 
remobilization and reimmobilization at the interface of the turbidite occurred, but the burndown 
peak must have been limited to only a few cm. Due to the decrease in sedimentation rate in unit 
4, it’s possible that high redox sensitive metal concentrations in unit 2b are an artifact of 
burndown. 
Deposition of a turbidite in Orca Basin may have disrupted any weak stratification and 
replenished deep waters, which would have implications for the interpretation of redox sensitive 
metal accumulation in unit 2b (ca. 14.4-13.1 ka). Immediately after the turbidite unit, Orca Basin 
sediments exhibit very high enrichment of Mo, Re, U, which suggests reducing sedimentary 
conditions. If the weak basin stratification deteriorated, Mo, Re, and U profiles would reflect an 
increase the bottom water trace metal inventory, available for authigenic enrichment in anoxic 
conditions. Because [Mo] would no longer be influenced by the particulate shuttle (van 
Cappellen et al., 1998), high [Mo] would reflect a decrease in oxidation state relative to 
conditions prior to turbidite deposition (unit 2a). If the turbidite had little-to-no impact on basin 
stratification, redox sensitive metal enrichment is due to similar conditions that persisted before 
the sedimentation event. It is important to note that despite the injection of O2 -rich seawater into 
the basin during the turbidite, sediments continue to be reducing, likely due to maintained 
organic sediment flux.  
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3.7.5 The Younger Dryas (ca. 13 ka) 
The rapid deterioration of laminations and transition from dark grey to light brown 
sediments at ca. 13.1 ka coincides with a rapid decrease in [Mo], [Re], and [U], and sharp 
increase in [Mn], suggesting a significant increase in the oxidation state of sediments (Figure 
3.4). The brief peak in [Mn] (ca. 13.1-12.7 ka) indicates oxic conditions, followed by a moderate 
increase in solid phase [Re] and [U], suggesting a return to reducing conditions in non-
continuously laminated sediments (Figure 3.2). This large transition in sedimentary redox state is 
synchronous with the cessation of meltwater at the onset of the Younger Dryas (Williams et al., 
2012), which further supports the strong linkage between Orca Basin lithology, sedimentary 
oxidation state, inferred by redox sensitive metal concentrations, and LIS meltwater input during 
the last deglaciation.  
The decrease in meltwater input to the GOM, inferred from foraminiferal δ18Oivc-sw at the 
onset of the Younger Dryas is strongly supported by replication of the δ18Oivc-sw record in 
multiple sediment cores within Orca Basin (Leventer et al., 1982; Broecker et al., 1989; Flower 
et al., 2004; Williams et al., 2012), and with foraminiferal δ18Oivc-sw and other proxies in nearby 
Pygmy Basin (Montero-Serrano et al., 2009), and on the shallow (<1000 m) Louisiana Slope 
(Aharon, 2003; Aharon, 2006). Despite the general acceptance of these data, some proxy data 
from Orca Basin sediments is equivocal (Meckler et al., 2008). For example, a decrease in 
δ13Corg and an increase in the concentration of n-alkanes, coincident to the deterioration of 
sediment laminations, raise the possibility of increased terrigenous input during the Younger 
Dryas. The Younger Dryas transition is also characterized by an increase in sedimentation rate in 
core MD02-2550 (from 26 to 42 cm/kyr), which starkly contrasts the decrease (~200 to 25 
cm/kyr) seen in Pigmy Basin (Montero-Serrano et al., 2009), and suggests terrigenous materials 
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present in Orca Basin sediments during the Younger Dryas may not reflect the northern GOM 
region. This raises the possibility that oxidizing conditions, and the deterioration of sediment 
lamination quality and color change is a result of sediment slumping into the Orca Basin. In this 
case, the more highly oxidizing conditions may reflect input of recently accumulated sediments 
from just outside the basin, or terrigenous materials initially deposited closer to Mississippi 
River. However, six 14C dates taken from 397.5 to 357cm (ca. 13.3-12.3 ka), are stratigraphically 
in order, suggesting no major disturbances (Williams et al., 2010; Williams et al., 2012). 
 
3.8 Summary and conclusions 
Redox sensitive metals (Mn, U, Re, and Mo) from the Orca Basin, in northern GOM 
exhibit millennial-scale variations that correlate with downcore stratigraphy and suggest changes 
in sedimentary redox state during the last deglaciation (24-7 ka). These variations indicate 
suboxic to anoxic sedimentary conditions from ca. 17.0-13.0 ka that coincide with LIS meltwater 
input (inferred from planktic foraminiferal δ18O and Ba/Ca) (Schmidt and Lynch-Stieglitz, 2011; 
Williams et al., 2012) and increased local marine productivity (Meckler et al., 2008), and suggest 
that meltwater entered the GOM as a buoyant surface plume (hypopycnal) during most of the last 
deglaciation. As a result, low-salinity meltwater may have been entrained in the Loop Current 
and transported to the North Atlantic, where it influenced AMOC strength.  
A 19-cm homogenous layer in core MD02-2550, interpreted as a turbidite at 14.4±0.10 
ka, is characterized by low [Mo], [Re], and [U], and suggests that a sediment-laden hyperpycnal 
plume entered the Orca Basin. This supports the hypothesis that at least a portion of MWP-1a 
originated from the LIS and raises the possibility that planktic foraminiferal δ18O underestimates 
the flux of meltwater to the GOM, which has implications for regional and eustatic sea level rise 
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estimations as well as freshwater hosing models. Moreover, this study highlights the need to 
investigate hyperpycnal flows to better understand their potential influence on local 
environmental systems and their role in deglacial climate change. 
 
(Murray and Leinen, 1993) 
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APPENDIX B. SUPPLEMENTARY INFORMATION FOR CHAPTER 1 
 
B.1 Note to reader 
 This appendix has been published in Geology, October 2012, v. 40; no.10; p. 955-958 
(doi: 10.1130/G33279.1), as GSA data repository item 2012265 to accompany the journal article 
titled “Seasonal Laurentide Ice Sheet melting during the “Mystery Interval” (17.5-14.5 ka)”, and 
has been reproduced with permission from the Geological Society of America under its “fair 
use” policy (see Appendix A). 
 
 
B.2 Methods for G. ruber δ18O and Mg/Ca-SST 
When available, >60 individuals of the planktic foraminifera G. ruber (white and pink 
varieties, separately; 250-355 µm size fraction) were picked for stable isotope and elemental 
ratio analysis. Once picked, samples were sonicated in methanol for five seconds to remove 
fossil particles from inside the G. ruber tests, dried, weighed and split in half. The first half was 
prepared and analyzed for Mg/Ca-SST as described in Williams et al. (2010). SST was 
calculated for both G. ruber (white and pink) using fixed exponential calibration curves based on 
sediment trap data from the Sargasso Sea: Mg/Ca= 0.449(0.09*SST) for G. ruber (white) and 
Mg/Ca= 0.381(0.09*SST) for G. ruber (pink) (Anand et al., 2003; Williams et al., 2010). This 
technique yields calcification temperatures with an accuracy of approximately ±1.2°C. 
Instrumental precision (1 standard deviation) for Mg/Ca is ±0.01 mmol/mol, based on analyses 
of approximately 1500 reference standards, over the course of 16 runs. Mean standard deviations 
of G. ruber (white and pink) replicate Mg/Ca analyses are ±0.077 and ±0.097 mmol/mol, 
respectively (based on > 11% of total data set replication). 
 The second half was pulverized for homogeneity and a 50-80 mg aliquot was analyzed for 
stable isotope ratios on a ThermoFinnigan Delta Plus XL dual-inlet mass spectrometer with an 
attached Kiel III carbonate preparation device at the College of Marine Science, University of 
South Florida (Williams et al., 2010) (Figure B.1). δ18O data calibrated with standard NBS-19 
are reported on the VPDB scale. Long-term analytical precision based on >1000 NBS-19 
standards is ±0.06‰ for δ18O. 
 The local δ18Osw was calculated by removing the isotopic effects of temperature with the 
Mg/Ca-SST proxy and applying the Orbulina universa high-light paleotemperature equation 
(Bemis et al., 1998). A constant 0.27‰ was added to convert resulting δ18Osw values to the 
VSMOW scale. Compounded error for δ18Osw values, based on δ18O, Mg/Ca, SST calibration 
and paleotemperature equation errors is ±0.27‰. The incorporation of a ±0.8 m mean sea level 
error (Stanford et al., 2011) and ±0.1‰ error on the global glacial-interglacial δ18Osw change 
(Schrag et al., 2002) increases the resultant ice volume corrected δ18Osw (termed δ18Oivc-sw) error 
to ±0.28‰.  
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Figure B.1 G. ruber δ18O and Mg/Ca-SST data vs. depth. A: G. ruber (white) Mg/Ca 
(mmol/mol) and SST (°C) (Williams et al., 2010). B: G. ruber (white) δ18O (this study). C: G. 
ruber (white) δ18Osw (this study). D: G. ruber (pink) Mg/Ca (mmol/mol) and SST (°C) (Williams 
et al., 2010). E: G. ruber (pink) δ18O (this study). F: G. ruber (pink) δ18Osw (this study).  
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B.3 The δ18Oivc-sw proxy for LIS meltwater 
The Mississippi River δ18O end-member has likely varied through the last deglacial 
sequence due to changes in the amount and isotopic composition of LIS meltwater and 
precipitation over the Mississippi River drainage basin. However, small inputs of LIS meltwater 
into the GOM may be identified because its δ18O value is considerably lower (-25 to -35‰) 
(Fairbanks, 1989; Schrag et al., 2002) than other sources. Unrealistically large volumes of 
precipitation and/or Mississippi River runoff are required for the same isotopic shift in GOM 
δ18Osw (Figure B.2).  
The δ18Oivc-sw value is used to identify LIS melting episodes during the last deglaciation 
because it incorporates an isotopic sea level correction and allows for a direct comparison to 
modern δ18Osw data. As the modern GOM has a δ18Osw value of approximately 1‰ (Fairbanks et 
al., 1992; LeGrande and Schmidt, 2006), proxy derived δ18Oivc-sw data with values less than 1‰ 
may be interpreted as intervals of meltwater input. 
A simple model calculation based on an evaporation rate of 1.5 m/yr (greater than the 
modern Dead Sea rate of 1.1-1.2 m/yr (Lensky et al., 2005)) and a 13‰ fractionation between 
seawater and water vapor (Dansgaard, 1964), illustrates the improbability that large deviations 
from the modern GOM evaporation rate would significantly alter δ18Oivc-sw values during the 
deglacial sequence. If evaporative processes remove 1.5% of the 100 m thick GOM surface 
layer, the δ18Oivc-sw would increase by only 0.21‰, which is within error of δ18Oivc-sw estimates. 
Furthermore, this does not account for regional inputs such as precipitation and ocean currents, 
which may also decrease δ18Oivc-sw values. 
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Figure B.2 The age model for core MD02-2550 is based on 35 radiocarbon dates from 
planktonic foraminifera (G. ruber, pink and white). Core depth was converted to calendar age by 
applying a weighted curve fit with a 15% smoothing factor. Error bars represent 2-standard 
deviation error in calibration from radiocarbon to calendar years (Williams et al., 2010). German 
pine chronologies and radiocarbon-dated foraminifera from Cariaco Basin suggest that the low-
latitude western Atlantic surface ocean reservoir age decreased by 100-400 yrs at the onset of the 
Younger Dryas, which may significantly affect the timing of both the Cessation Event and 
AMOC change (Kromer et al., 2004; Muscheler et al., 2008; Hua et al., 2009; Reimer et al., 
2009). Because time-dependent reservoir corrections are not yet available for the western low-
latitude Atlantic or GOM, we present our data with the potential caveat that reservoir age may 
modify our interpretations. 
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Figure B.3 Mixing model used to quantify the relationship between δ18O and salinity. 
Calibrations are based on A: Modern precipitation δ18O end-member (-3.5‰) (Bowen and 
Revenaugh, 2003). B: Modern Mississippi River δ18O end-member (-7‰) (Ortner et al., 1995). 
C and D: Estimated LIS δ18O end-member (-25 and -35‰, respectively) (Fairbanks et al., 1992; 
Schrag et al., 2002). The lower potential δ18O end-member values yield slopes that indicate 
lesser salinity changes per unit δ18O. 
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Figure B.4 Schematic illustrating the mechanisms of enhanced seasonality during the last 
deglaciation. Initially, meltwater produced by moderate summer conditions, entered the GOM 
and North Atlantic (1), which resulted in enhanced winter sea ice and a decrease in NADW 
production (2), leading to increased continentality of the region and hypercold winters (3). 
Hypercold winters (4a), in combination with moderate summer conditions produced by rising 
solar insolation (4b), enhanced seasonal temperature contrast during the Mystery Interval. 
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APPENDIX C. SUPPLEMENTARY INFORMATION FOR CHAPTER 2 
 
Table C.1 Core MD02-2550 radiocarbon dates. 
 
Depth (cm) Raw 14C (yrs) ± 14C (yrs) Calibrated age (ka)* 
0+ 1090 35 0.679 
1 1160 30 0.734 
10 1250 30 0.830 
20.5+ 1545 45 1.141 
40 1670 40 1.261 
60 1835 35 1.416 
80.5 2045 35 1.653 
102.5 2405 40 2.082 
122 2585 35 2.304 
139.5 2695 35 2.439 
154 2820 45 2.615 
167+ 3120 45 2.942 
175 3025 40 2.827 
190 6510 35 7.062 
210 7450 40 7.944 
230 8050 35 8.540 
250 8330 40 8.950 
270 8815 40 9.501 
290 9285 40 10.164 
308 9790 40 10.750 
318 9965 35 10.995 
329.5 10215 35 11.233 
337.5 10500 45 11.774 
342 10470 40 11.702 
348 10660 45 12.085 
357 10850 40 12.430 
367 10925 40 12.524 
378 11170 60 12.693 
386.5 11375 40 12.865 
389.5 11575 50 13.097 
397.5 11855 40 13.350 
407 12085 40 13.565 
418.5 12515 40 14.033 
427.5 12590 40 14.113 
435+ 12910 60 14.827 
441 12785 45 14.504 
455 12800 40 14.536 
466+ 12980 40 14.984 
475+ 12805 40 14.548 
485 13100 60 15.166 
495 13145 50 15.221 
505 13330 60 15.493 
515 13610 80 15.916 
525 13805 45 16.165 
535 13860 50 16.238 
545 14160 60 16.679 
554 14160 70 16.679 
564 14310 60 16.907 
565+ 14470 60 17.153 
574 14480 70 17.169 
595 14870 100 17.674 
604 15140 70 17.972 
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Table C.1 (cont.) 
Depth (cm) Raw 14C (yrs) ± 14C (yrs) Calibrated age (ka)* 
614 15460 80 18.340 
650+ 16345 50 19.279 
681 16450 60 19.408 
700 16500 50 19.470 
725 17470 60 20.625 
750+ 18480 60 21.946 
775 18480 70 21.949 
803 18790 70 22.310 
825 19380 70 22.885 
851 19710 70 23.287 
871 19750 70 23.335 
903 20340 60 24.029 
908+ 19290 70 22.778 
* All dates are calibrated using the Marine13 calibration curve (Reimer et al., 2013) with a local 
ΔR of -35±25 years (Wagner et al., 2009) and expressed in thousands of years before present 
(ka).   
+ Dates that are not included in the age model.   
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Table C.2 Modeled ages, agreement indices, and distribution functions generated from OxCal for Core MD02-2550 radiocarbon 
dates. 
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Table C.2 (cont.) 
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Table C.2 (cont.) 
 
* All dates are calibrated using the Marine13 calibration curve (Reimer et al., 2013) with a local ΔR of -35±25 years (Wagner et al., 
2009) and expressed in thousands of years before present (ka).   
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**The light grey represents likelihood distributions based on 14C calibration (using the local ΔR); the dark grey represents marginal 
posterior distributions, which take into account the depth model. Boundaries and dates not used in the age model do not have marginal 
posterior distributions. Brackets below the distributions represent the modeled 68.2% and 95.4% high probability ranges. 
$ The individual agreement index (A) indicates how well 14C results (likelihood distributions) agree with the prior model (Bronk 
Ramsey, 2008). 
# Two identical dates within the 19-cm homogenous layer are used to define the timing of this instantaneous sedimentation event (ca. 
14.4 ka).
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C.1 MD02-2550 Mg/Ca-SST 
Mg/Ca data was generated at the University of South Florida College of Marine Science 
using techniques outlined in Williams et al. (2010). We calculate SST using species-specific 
calibration equations for G. ruber (pink): Mg/Ca = 0.381(0.09*SST) and G. ruber (white): Mg/Ca = 
0.449(0.09*SST) that are based on 6 years of foraminiferal Mg/Ca data from a Sargasso Sea 
sediment trap (Anand et al., 2003; Reimer et al., 2013) and are appropriate for the GOM (Richey 
et al., 2007; Richey et al., 2009; Stanford et al., 2011; Richey et al., 2012). When applied to 
modern northern GOM core top samples, this calibration technique yields a G. ruber (white) 
Mg/Ca-SST equivalent to the modern GOM mean annual SSTs (25.4°C) (Schrag et al., 2002; 
Richey et al., 2012). The G. ruber (pink) calibration yields a Mg/Ca value corresponding to the 
modern GOM summer-weighted (April-Oct) SST (27.0°C) (Richey et al., 2012), which supports 
previous inferences that the pink variety may be less abundant during winter months and/or 
inhabit shallower depths than the G. ruber (white) (Bé, 1960; Bé and Hamlin, 1967; Tolderlund 
and Bé, 1971; Richey et al., 2012; Williams et al., 2012). 
 
 
 
 
Figure C.1 G. ruber (pink and white) Mg/Ca and calibrated SST versus age, used to calculate 
δ18Oivc-sw records. Published foraminiferal Mg/Ca-SST records exist for portions of MD02-2550 
and are indicated by grey lines and reported in LoDico et al. (2006) and Williams et al. (2010). 
Black lines (ca. 24-18.5 ka) indicate data generated using the Cambridge cleaning process (no 
hydrazine reduction step) (Barker et al., 2003)(this study). Red circles and blue squares represent 
Mg/Ca-SST values generated with Ba/Ca data for G. ruber (pink and white), respectively) (this 
study).  
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Figure C.2 Comparison of G. ruber (white and pink) Ba/Ca replicate pairs and associated RSDs. 
The lack of correlation suggests that high Ba/Ca values are not associated with higher RSDs and 
are likely not influenced by authigenic BaSO4 on foraminiferal tests due to insufficient cleaning.  
There is also no correlation between G. ruber (pink) Ba/Ca values greater than the data set mean 
(2.71 umol/mol) and RSDs (r2 = 4.1 x 10-3). Because only two out of the five G. ruber (white) 
replicate pairs were greater than the mean Ba/Ca, the r2 was not calculated for G. ruber (white) 
replicate pairs. 
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Figure C.3 Scatter plot of G. ruber (white and pink) Ba/Ca and Al/Ca data.  Low Al/Ca values 
and the lack of correlation between Ba/Ca and Al/Ca ratios suggests that Ba/Ca values are not 
elevated by insufficient clay removal.  
 
 
 
Figure C.4 Comparison of G. ruber (white and pink) Ba/Ca and Mn/Ca data.  The lack of 
correlation suggests that Ba/Ca values are not influenced by Ba-rich Mn overgrowths. If only 
Mn/Ca values <400 umol/mol are used, the correlation to Ba/Ca increases slightly for G. ruber 
(pink) (r2=0.14) and decreases significantly for G. ruber (white) (r2=7.5 x 10-6). 
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Figure C.5 Reconstruction of the fraction of freshwater mixed with seawater (f) based on G. 
ruber (pink and white) Ba/Casw. 
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Figure C.6 Comparison of northern GOM salinity to the calculated δ18Ofw of freshwater runoff 
based on G. ruber (white). Ba/Ca-based salinities and δ18Ofw values are reconstructed using a 
range of riverine [Ba]fw, indicated in the legend. Salinity based on G. ruber (pink) δ18Oivc-sw and 
a freshwater end-member δ18O value of -30‰ is displayed in black with Ba/Ca-salinity curves. 
Blue vertical bars indicate intervals of low δ18Ofw. 
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Figure C.7 Comparison of G. ruber (pink) δ18Osw and δ18Oivc-sw-derived salinities and estimated 
freshwater end-member δ18O value (δ18Ono-ivc-sw). 
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APPENDIX D. DATA 
 
Table D.1 Stable oxygen and carbon isotope data, based on G. ruber (white) foraminifers from 
Orca Basin core MD02-2550. 
 
Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
311 10.763 -1.33 0.005 0.38 0.011 Combined samples: 311-312 cm 
312 10.789 -1.25 0.024 0.22 0.014 
 312.5 10.802 -0.95 0.025 0.44 0.007 
 313 10.815 -0.91 0.025 0.21 0.004 
 314 10.842 -1.02 0.014 0.60 0.005 
 315 10.868 -1.03 0.006 0.39 0.008 
 315.5 10.881 -1.17 0.020 0.59 0.008 
 316 10.894 -1.16 0.008 0.26 0.007 
 316.5 10.907 -1.36 0.053 0.14 0.013 
 317 10.920 -1.55 0.037 0.18 0.012 
 317.5 10.932 -1.39 0.029 -0.07 0.014 
 318 10.947 -1.29 0.027 0.20 0.017 
 318.5 10.960 -1.42 0.021 -0.08 0.016 
 319 10.972 -1.49 0.012 0.34 0.023 
 319.5 10.984 -1.27 0.011 0.64 0.011 
 320 10.996 -1.25 0.011 0.39 0.008 
 320.5 11.008 -1.33 0.023 0.25 0.014 
 321 11.020 -1.14 0.010 0.39 0.006 
 321.5 11.032 -0.77 0.004 0.07 0.012 
 322 11.045 -1.31 0.019 0.15 0.032 
 322.5 11.057 -1.31 0.016 0.46 0.005 
 323 11.069 -0.89 0.028 0.30 0.016 
 323.5 11.082 -1.14 0.016 0.22 0.010 
 324 11.094 -0.95 0.036 0.32 0.023 
 324.5 11.106 -1.18 0.016 0.40 0.008 
 325 11.119 -0.86 0.018 0.33 0.014 
 325.5 11.131 -1.07 0.048 0.77 0.033 
 326 11.143 -0.75 0.025 0.62 0.008 
 326.5 11.155 -1.77 0.033 -0.01 0.032 
 327 11.166 -1.13 0.024 0.56 0.025 
 327.5 11.178 -1.65 0.023 0.01 0.027 
 328 11.189 -1.30 0.034 0.63 0.025 
 328.5 11.199 -0.79 0.018 0.26 0.011 
 329 11.209 -0.83 0.033 0.44 0.024 
 329.5 11.221 -1.08 0.022 0.75 0.011 
 330 11.240 -0.75 0.024 0.37 0.017 
 330.5 11.259 -1.20 0.030 0.76 0.016 
 331 11.278 -0.95 0.012 0.59 0.012 
 331.5 11.300 -1.05 0.016 0.24 0.012 
 332.5 11.343 -1.27 0.014 0.29 0.012 
 333 11.365 -0.73 0.045 0.40 0.034 
 333.5 11.387 -0.78 0.015 0.26 0.015 
 334 11.409 -0.86 0.013 0.01 0.004 
 334.5 11.431 -1.60 0.029 0.09 0.014 
 335 11.453 -1.38 0.016 0.26 0.009 
 335.5 11.475 -1.22 0.011 0.41 0.015 
 336 11.497 -1.57 0.031 -0.02 0.013 
 336.5 11.518 -1.27 0.012 0.23 0.026 
 337 11.540 -1.28 0.020 0.26 0.031 
 337.5 11.565 -0.91 0.032 0.31 0.015 
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Table D.1 (cont.) 
Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
311 10.763 -1.33 0.005 0.38 0.011 Combined samples: 311-312 cm 
312 10.789 -1.25 0.024 0.22 0.014 
 312.5 10.802 -0.95 0.025 0.44 0.007 
 313 10.815 -0.91 0.025 0.21 0.004 
 314 10.842 -1.02 0.014 0.60 0.005 
 315 10.868 -1.03 0.006 0.39 0.008 
 315.5 10.881 -1.17 0.020 0.59 0.008 
 316 10.894 -1.16 0.008 0.26 0.007 
 316.5 10.907 -1.36 0.053 0.14 0.013 
 317 10.920 -1.55 0.037 0.18 0.012 
 317.5 10.932 -1.39 0.029 -0.07 0.014 
 318 10.947 -1.29 0.027 0.20 0.017 
 318.5 10.960 -1.42 0.021 -0.08 0.016 
 319 10.972 -1.49 0.012 0.34 0.023 
 319.5 10.984 -1.27 0.011 0.64 0.011 
 320 10.996 -1.25 0.011 0.39 0.008 
 320.5 11.008 -1.33 0.023 0.25 0.014 
 321 11.020 -1.14 0.010 0.39 0.006 
 321.5 11.032 -0.77 0.004 0.07 0.012 
 322 11.045 -1.31 0.019 0.15 0.032 
 322.5 11.057 -1.31 0.016 0.46 0.005 
 323 11.069 -0.89 0.028 0.30 0.016 
 323.5 11.082 -1.14 0.016 0.22 0.010 
 324 11.094 -0.95 0.036 0.32 0.023 
 324.5 11.106 -1.18 0.016 0.40 0.008 
 325 11.119 -0.86 0.018 0.33 0.014 
 325.5 11.131 -1.07 0.048 0.77 0.033 
 326 11.143 -0.75 0.025 0.62 0.008 
 326.5 11.155 -1.77 0.033 -0.01 0.032 
 327 11.166 -1.13 0.024 0.56 0.025 
 327.5 11.178 -1.65 0.023 0.01 0.027 
 328 11.189 -1.30 0.034 0.63 0.025 
 328.5 11.199 -0.79 0.018 0.26 0.011 
 329 11.209 -0.83 0.033 0.44 0.024 
 329.5 11.221 -1.08 0.022 0.75 0.011 
 330 11.240 -0.75 0.024 0.37 0.017 
 330.5 11.259 -1.20 0.030 0.76 0.016 
 331 11.278 -0.95 0.012 0.59 0.012 
 331.5 11.300 -1.05 0.016 0.24 0.012 
 332.5 11.343 -1.27 0.014 0.29 0.012 
 333 11.365 -0.73 0.045 0.40 0.034 
 333.5 11.387 -0.78 0.015 0.26 0.015 
 334 11.409 -0.86 0.013 0.01 0.004 
 334.5 11.431 -1.60 0.029 0.09 0.014 
 335 11.453 -1.38 0.016 0.26 0.009 
 335.5 11.475 -1.22 0.011 0.41 0.015 
 336 11.497 -1.57 0.031 -0.02 0.013 
 336.5 11.518 -1.27 0.012 0.23 0.026 
 337 11.540 -1.28 0.020 0.26 0.031 
 337.5 11.565 -0.91 0.032 0.31 0.015 
 338 11.584 -1.23 0.018 0.39 0.009 
338.5 11.601 -1.41 0.011 0.29 0.027  
339 11.618 -1.06 0.023 0.34 0.012  
339.5 11.635 -1.51 0.044 0.35 0.035  
340 11.652 -1.15 0.027 0.55 0.016  
340.5 11.669 -0.79 0.005 0.52 0.005  
341 11.685 -1.01 0.042 0.36 0.016  
342 11.719 -0.02 0.012 0.31 0.007  
342.5 11.741 -1.01 0.012 0.19 0.019  
343 11.761 -0.09 0.005 0.32 0.007  
343.5 11.781 -0.28 0.014 0.63 0.008  
344 11.802 -0.21 0.037 0.55 0.004  
344.5 11.823 0.08 0.011 0.25 0.020  
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Table D.1 (cont.) 
Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
345 11.844 -0.45 0.017 0.66 0.014 
 345.5 11.865 -0.44 0.023 0.64 0.020 
 346 11.887 -0.29 0.016 0.33 0.002 
 346.5 11.908 -0.37 0.020 0.71 0.014 
 347 11.928 0.14 0.009 0.55 0.017 
 348 11.971 -0.54 0.020 0.54 0.005 
 348.5 11.988 -0.74 0.019 0.89 0.007 
 349 12.003 -0.25 0.011 0.61 0.006 
 349.5 12.018 -0.19 0.022 0.34 0.005 
 350 12.033 -1.01 0.022 0.50 0.019 
 350.5 12.048 -0.61 0.020 0.21 0.008 
 351 12.064 -0.25 0.018 0.56 0.011 
 351.5 12.080 -0.28 0.021 0.54 0.013 
 352 12.096 -0.16 0.031 0.29 0.011 
 352.5 12.112 -0.31 0.023 0.51 0.013 
 353 12.128 -0.11 0.008 0.43 0.012 
 353.5 12.145 -0.24 0.015 0.68 0.007 
 354 12.161 -0.51 0.019 0.55 0.010 
 354.5 12.177 -0.26 0.023 0.66 0.015 
 355 12.193 -0.14 0.015 0.20 0.013 
 355.5 12.209 -0.79 0.042 0.56 0.011 
 356 12.225 -0.18 0.012 0.37 0.007 
 356.5 12.240 -0.52 0.019 0.68 0.010 
 357 12.257 -0.23 0.016 0.61 0.012 
 357.5 12.270 -0.50 0.016 0.45 0.010 
 358.5 12.292 -0.05 0.015 0.53 0.016 
 359 12.304 -0.47 0.025 0.40 0.013 
 359.5 12.315 -0.07 0.014 0.66 0.012 
 360 12.327 -0.16 0.015 0.45 0.005 
 360.5 12.338 -0.54 0.013 0.44 0.003 
 361 12.350 -0.27 0.013 0.41 0.010 
 361.5 12.361 -0.87 0.004 0.58 0.010 
 362 12.373 -0.70 0.013 0.64 0.006 
 362.5 12.385 -0.13 0.018 0.54 0.014 
 363 12.396 -0.67 0.015 0.32 0.010 
 363.5 12.408 -0.75 0.016 0.73 0.005 
 364 12.419 -0.78 0.012 0.66 0.011 
 364.5 12.431 -0.25 0.013 0.36 0.010 
 365 12.442 -0.51 0.012 0.27 0.009 
 365.5 12.453 -0.42 0.010 0.53 0.011 
 366.5 12.475 -0.32 0.018 0.41 0.007 
 367 12.487 -0.71 0.024 0.48 0.014 
 367.5 12.497 -0.30 0.010 0.49 0.004 
 368 12.505 -0.81 0.012 0.41 0.010 
 368.5 12.514 -0.56 0.012 0.25 0.013 
 369 12.523 -0.37 0.025 0.49 0.021 
 369.5 12.532 -0.99 0.016 0.64 0.016 
 370 12.541 -1.27 0.012 0.66 0.012 
 370.5 12.550 -0.27 0.029 0.26 0.018 
 371 12.559 -0.46 0.022 0.51 0.012 
 371.5 12.569 -0.99 0.006 0.52 0.011 
345 11.844 -0.45 0.017 0.66 0.014  
372.5 12.587 -1.11 0.025 0.38 0.013  
373 12.597 -1.08 0.017 0.70 0.016  
373.5 12.606 -1.04 0.160 0.91 0.061  
374 12.615 -1.07 0.045 0.80 0.026  
375 12.634 -0.99 0.045 0.64 0.013  
376 12.652 -1.03 0.048 0.41 0.040  
376.5 12.661 -0.73 0.030 0.44 0.020  
377 12.670 -0.52 0.020 0.60 0.012  
378 12.688 -0.86 0.033 0.72 0.025  
378.5 12.701 -1.13 0.036 0.34 0.015  
379.5 12.724 -0.33 0.053 0.31 0.020  
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Table D.1 (cont.) 
Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
380 12.735 -1.20 0.034 0.47 0.032 
 380.5 12.747 -1.15 0.037 0.53 0.016 
 381.5 12.771 -1.06 0.049 0.66 0.025 
 382 12.784 -1.17 0.026 0.99 0.027 
 382.5 12.796 -1.63 0.031 0.79 0.022 
 383 12.808 -1.10 0.014 0.60 0.012 
 383.5 12.820 -1.65 0.037 1.14 0.010 
 383.5 12.820 -0.95 0.025 0.65 0.008 
 383.5 12.820 -0.56 0.042 0.51 0.033 
 384 12.832 -1.36 0.005 0.80 0.004 
 384.5 12.844 -1.71 0.039 0.75 0.023 
 385 12.856 -1.60 0.021 0.80 0.025 
 385.5 12.867 -2.00 0.029 0.74 0.017 
 386.5 12.891 -1.83 0.035 0.82 0.011 
 387 12.913 -2.23 0.049 0.77 0.014 
 387.5 12.934 -2.21 0.023 0.87 0.031 
 388 12.956 -2.69 0.022 0.35 0.012 
 388.5 12.978 -3.08 0.029 0.28 0.015 
 389 13.000 -3.64 0.039 0.57 0.034 
 389.5 13.025 -3.41 0.022 0.50 0.015 
 390 13.044 -2.28 0.037 0.42 0.017 
 390.5 13.060 -3.32 0.026 0.38 0.018 
 391 13.077 -2.70 0.018 0.41 0.018 
 391.5 13.095 -2.85 0.011 0.67 0.009 
 392 13.112 -1.87 0.011 0.38 0.006 
 392.5 13.130 -2.57 0.022 0.37 0.021 
 392.5 13.130 -2.42 0.007 0.75 0.006 
 393 13.148 -2.90 0.033 0.67 0.010 
 393.5 13.165 -3.07 0.005 0.44 0.016 
 394 13.185 -2.73 0.018 0.82 0.014 
 394.5 13.206 -3.49 0.015 0.75 0.011 
 395 13.224 -3.48 0.012 0.60 0.012 
 396.5 13.275 -2.33 0.021 0.34 0.007 
 397 13.291 -2.29 0.037 0.37 0.014 
 397.5 13.308 -2.82 0.015 0.66 0.023 
 398 13.321 -2.66 0.014 0.60 0.010 
 398.5 13.333 -2.34 0.013 0.43 0.008 
 399 13.345 -3.16 0.016 0.66 0.012 
 399.5 13.357 -3.49 0.035 0.43 0.054 
 400 13.370 -3.41 0.061 0.39 0.019 
 400.5 13.383 -3.68 0.028 0.35 0.019 
 401 13.396 -3.64 0.063 0.63 0.032 
 401 13.396 -4.05 0.010 0.57 0.012 
 401.5 13.409 -3.78 0.025 0.36 0.014 
 402 13.422 -3.06 0.035 0.37 0.025 
 402 13.422 -3.39 0.012 0.14 0.019 
 402.5 13.435 -3.76 0.035 0.78 0.026 
 403 13.448 -3.19 0.032 0.64 0.017 
 403.5 13.461 -3.25 0.020 0.40 0.022 
 404 13.474 -3.09 0.014 0.99 0.011 
 404.5 13.487 -2.89 0.047 0.71 0.017 
405.5 13.512 -3.42 0.026 0.64 0.021  
406 13.525 -4.18 0.036 0.72 0.028  
406.5 13.537 -2.82 0.018 0.52 0.037  
407 13.551 -0.41 0.036 0.96 0.031  
407.5 13.569 -1.57 0.037 0.56 0.028  
408 13.585 -2.59 0.028 1.01 0.055  
408 13.585 -3.60 0.027 0.69 0.009  
408.5 13.601 -2.87 0.022 0.40 0.012  
409 13.618 -3.20 0.035 0.69 0.006  
410 13.652 -4.25 0.030 -0.04 0.011  
410.5 13.669 -2.14 0.040 0.43 0.019  
411 13.686 -1.48 0.023 0.65 0.009  
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411.5 13.704 -0.73 0.003 0.31 0.009 
 412 13.721 -1.65 0.029 0.52 0.023 
 412 13.721 -2.93 0.009 0.48 0.012 
 412.5 13.739 -2.62 0.014 0.59 0.005 
 413 13.757 -2.67 0.009 0.67 0.010 
 413.5 13.774 -1.02 0.020 0.37 0.009 
 414.5 13.809 -1.57 0.035 0.44 0.027 
 415 13.827 -1.67 0.018 0.12 0.015 
 415 13.827 -2.71 0.017 0.40 0.008 
 415.5 13.844 -1.31 0.006 1.42 0.009 
 416 13.861 -1.77 0.039 0.78 0.014 
 416.5 13.877 -2.36 0.018 0.78 0.019 
 419 13.953 -1.98 0.031 0.69 0.017 
 420 13.972 -2.33 0.025 0.55 0.006 
 420.5 13.981 -2.10 0.028 0.63 0.028 
 421.5 14.001 -2.95 0.041 0.24 0.007 
 422 14.011 -2.87 0.027 0.67 0.006 
 422.5 14.021 -2.23 0.037 0.52 0.022 
 423 14.031 -1.94 0.015 0.58 0.012 
 423 14.031 -2.73 0.011 0.24 0.008 
 423.5 14.041 -2.59 0.043 0.53 0.045 
 424 14.050 -2.77 0.028 0.51 0.023 
 424.5 14.060 -3.19 0.033 0.91 0.031 
 425 14.070 -2.26 0.011 0.49 0.026 
 425.5 14.080 -2.34 0.021 0.56 0.027 
 426 14.089 -2.47 0.031 0.62 0.018 
 426.5 14.099 -2.62 0.027 0.19 0.031 
 427.5 14.118 -3.17 0.018 0.54 0.020 
 428.5 14.148 -2.03 0.026 0.73 0.027 
 429 14.162 -2.99 0.017 0.40 0.012 
 430 14.192 -2.42 0.015 0.21 0.014 
 431 14.223 -2.07 0.025 0.51 0.003 
 431.5 14.239 -1.39 0.014 0.54 0.022 
 432 14.255 -2.67 0.017 0.69 0.014 
 432.5 14.271 -2.12 0.030 0.57 0.042 
 433 14.286 -2.46 0.016 0.32 0.014 
 433.5 14.302 -2.68 0.021 0.41 0.023 
 434 14.318 -2.84 0.021 0.93 0.038 
 434.5 14.333 -2.42 0.012 0.92 0.009 
 435.5 14.364 -1.55 0.010 0.40 0.004 
 439 14.412 -2.37 0.034 0.43 0.022 
 439.5 14.412 -2.62 0.022 0.83 0.023 
 440 14.412 -1.62 0.054 0.95 0.031 
 440.5 14.412 -2.45 0.056 0.81 0.034 
 441 14.412 -1.74 0.036 0.61 0.030 
 442.5 14.412 -0.88 0.016 0.56 0.017 
 453.5 14.412 -1.75 0.063 0.50 0.029 
 454 14.412 -1.67 0.068 0.57 0.039 
 454.5 14.412 -1.51 0.026 0.44 0.011 
 455.5 14.412 -1.86 0.037 0.85 0.014 
 456 14.412 -1.78 0.011 0.75 0.019 
456.5 14.425 -1.58 0.024 0.73 0.051  
457 14.436 -2.02 0.026 0.35 0.030  
457.5 14.447 -2.28 0.014 0.67 0.023  
458 14.459 -2.70 0.054 0.45 0.017  
458.5 14.470 -1.90 0.030 0.48 0.025  
459 14.482 -2.44 0.033 0.54 0.021  
459.5 14.493 -1.36 0.017 0.41 0.027  
460 14.505 -1.16 0.023 0.55 0.023  
460.5 14.516 -1.57 0.046 0.57 0.032  
461 14.528 -1.42 0.058 0.45 0.019  
461.5 14.539 -1.30 0.048 0.42 0.024  
462 14.551 -1.60 0.077 0.47 0.013  
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462.5 14.562 -1.45 0.040 0.93 0.047 
 463 14.573 -0.56 0.059 0.81 0.067 
 463.5 14.585 -1.85 0.106 0.61 0.050 
 464.5 14.608 -1.63 0.036 0.49 0.062 
 465 14.619 -1.75 0.045 0.27 0.034 
 466 14.642 -1.58 0.029 0.38 0.016 
 467 14.665 -1.84 0.024 0.52 0.011 
 468 14.688 -1.60 0.035 0.34 0.012 
 469 14.710 -1.44 0.018 0.49 0.010 
 470 14.733 -0.98 0.010 0.53 0.007 
 471 14.756 -1.45 0.013 0.36 0.008 
 472 14.779 -1.59 0.026 0.52 0.009 
 473 14.802 -1.64 0.019 0.71 0.007 
 474 14.824 -1.85 0.012 0.72 0.010 
 475 14.847 -1.50 0.013 0.67 0.014 
 476 14.870 -1.19 0.009 0.46 0.010 
 477 14.892 -1.28 0.013 0.51 0.005 
 478 14.915 -2.07 0.025 0.67 0.012 
 479 14.938 -0.68 0.018 0.52 0.009 
 480 14.960 -1.90 0.010 0.27 0.018 
 481 14.983 -2.09 0.041 0.55 0.014 
 482 15.005 -2.52 0.022 0.21 0.014 
 483 15.028 -1.75 0.016 0.33 0.022 
 484 15.050 -2.18 0.027 0.46 0.010 
 485 15.074 -1.87 0.018 0.34 0.010 
 486 15.091 -1.40 0.027 0.34 0.018 
 488 15.125 -0.21 0.021 0.29 0.016 
 490 15.159 -1.01 0.010 0.19 0.012 
 492 15.193 -0.86 0.013 0.50 0.013 
 493 15.210 -1.73 0.015 0.74 0.013 
 494 15.226 -1.19 0.013 0.50 0.019 
 495 15.244 -1.06 0.018 0.37 0.012 
 496 15.269 -1.15 0.027 -0.02 0.012 
 497 15.294 -0.72 0.013 0.07 0.028 
 498 15.320 -0.02 0.036 0.01 0.011 
 499 15.346 0.14 0.021 -0.19 0.012 
 500 15.373 -0.25 0.044 0.05 0.025 
 501 15.400 0.02 0.023 -0.45 0.016 
 503 15.453 -0.91 0.015 0.04 0.010 
 505 15.508 0.11 0.007 0.13 0.007 
 506 15.539 -0.17 0.019 -0.05 0.005 
 508 15.599 -0.12 0.020 -0.07 0.025 
 509 15.630 -0.73 0.020 0.18 0.020 
 510 15.661 0.03 0.015 0.08 0.012 
 511 15.692 -2.21 0.012 -0.10 0.021 
 512 15.722 -0.28 0.014 0.02 0.007 
 513 15.753 -0.23 0.032 0.21 0.017 
 514 15.782 0.19 0.035 0.08 0.023 
 515 15.813 -0.58 0.012 0.04 0.011 
 517 15.864 -1.14 0.016 0.30 0.015 
 518 15.890 0.12 0.012 0.13 0.008 
519 15.916 0.20 0.025 0.16 0.012  
520 15.941 -1.43 0.025 0.16 0.014  
521 15.967 -1.64 0.012 0.60 0.011  
522 15.993 -1.02 0.011 0.12 0.009  
523 16.018 -0.77 0.015 0.39 0.013  
524 16.043 -2.08 0.012 0.32 0.015  
525 16.069 -1.02 0.026 0.43 0.013  
526 16.087 -1.54 0.016 0.18 0.010  
527 16.105 -1.11 0.026 0.06 0.009  
528 16.123 -1.29 0.024 0.06 0.010  
529 16.142 -0.53 0.034 0.48 0.021  
530 16.160 -1.04 0.012 0.17 0.010  
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531 16.179 -1.54 0.029 0.23 0.009 
 532 16.197 -1.36 0.020 0.03 0.016 
 533 16.216 -1.43 0.021 0.51 0.010 
 534 16.234 -1.33 0.018 0.12 0.012 
 535 16.252 -0.20 0.013 0.39 0.012 
 535 16.252 -0.69 0.010 0.27 0.022 
 536 16.277 -1.15 0.021 -0.14 0.014 
 537 16.301 -1.54 0.011 0.58 0.012 
 538 16.326 -1.31 0.017 0.14 0.024 
 539 16.351 -1.00 0.015 0.57 0.020 
 540 16.377 -1.28 0.023 0.16 0.012 
 541 16.402 -0.24 0.015 0.17 0.008 
 542 16.428 -1.66 0.012 0.14 0.012 
 543 16.453 -1.24 0.019 0.02 0.004 
 544 16.478 -1.97 0.019 0.45 0.016 
 545 16.504 -1.98 0.027 0.63 0.006 
 546 16.525 -2.22 0.029 0.53 0.013 
 548 16.564 -1.63 0.034 0.42 0.016 
 549 16.584 -1.67 0.024 0.39 0.014 
 550 16.604 -1.89 0.008 0.43 0.009 
 551 16.624 -1.76 0.016 0.26 0.008 
 551 16.624 -1.60 0.012 0.39 0.014 
 552 16.645 -1.24 0.037 0.29 0.024 
 552 16.645 -1.23 0.017 0.56 0.009 
 553 16.664 -0.99 0.024 0.63 0.012 
 553 16.664 -0.81 0.022 0.56 0.027 
 554 16.685 -0.80 0.020 0.46 0.012 
 555 16.708 -0.59 0.017 0.40 0.010 
 557 16.751 -0.31 0.013 0.49 0.016 
 557 16.751 -0.78 0.014 0.26 0.011 
 558 16.773 -0.23 0.013 0.21 0.003 
 559 16.795 0.04 0.012 0.48 0.012 
 560 16.817 -0.42 0.019 0.34 0.015 
 561 16.839 -0.13 0.020 0.06 0.004 
 562 16.861 -0.71 0.014 0.32 0.010 
 563 16.883 -0.12 0.017 0.18 0.013 
 565 16.930 -0.19 0.017 0.19 0.009 
 567 16.975 0.34 0.018 0.44 0.005 
 568 16.998 -0.18 0.018 0.29 0.019 
 569 17.021 0.34 0.016 0.16 0.021 
 570 17.045 -0.02 0.016 0.27 0.008 
 571 17.068 0.27 0.014 0.33 0.012 
 572 17.091 0.06 0.030 0.09 0.006 
 573 17.113 -0.50 0.010 0.36 0.020 
 576 17.189 0.00 0.016 0.10 0.007 
 578 17.240 -0.06 0.021 0.38 0.012 
 579 17.266 -0.07 0.025 0.46 0.014 
 580 17.291 0.47 0.024 0.55 0.008 
 581 17.317 0.08 0.013 0.16 0.009 
 582 17.343 0.20 0.013 0.29 0.012 
 582 17.343 0.15 0.011 0.31 0.009 
583 17.369 -0.58 0.030 0.70 0.017  
585 17.421 0.55 0.003 0.49 0.004  
585 17.421 0.27 0.018 0.38 0.012  
587 17.472 1.02 0.012 -0.16 0.013  
588 17.498 0.85 0.012 0.66 0.024  
589 17.524 0.09 0.018 0.31 0.009  
590 17.549 0.74 0.018 0.42 0.013  
591 17.575 0.12 0.012 0.41 0.007  
592 17.600 0.37 0.029 0.39 0.012  
593 17.625 0.12 0.024 0.28 0.009  
597 17.732 1.18 0.012 0.55 0.013  
597 17.732 0.84 0.031 0.51 0.012  
 132 
Table D.1 (cont.) 
Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
598 17.760 0.94 0.022 0.37 0.018 
 599 17.787 0.98 0.024 0.25 0.011 
 600 17.815 1.10 0.023 0.35 0.008 
 601 17.843 1.34 0.011 0.52 0.009 
 602 17.870 0.80 0.019 0.51 0.004 
 603 17.896 1.46 0.016 0.55 0.020 
 607 18.000 1.38 0.032 0.68 0.009 
 608 18.025 1.47 0.019 0.41 0.012 
 609 18.051 1.83 0.031 0.29 0.008 
 611 18.104 1.24 0.028 0.26 0.012 
 612 18.126 1.57 0.026 0.65 0.012 
 613 18.147 0.77 0.008 0.37 0.012 
 617 18.222 0.74 0.025 0.59 0.016 
 618 18.238 0.87 0.007 0.60 0.008 
 619 18.256 0.68 0.033 0.71 0.020 
 620 18.274 0.90 0.031 0.85 0.015 
 621 18.291 0.92 0.029 0.59 0.015 
 622 18.308 0.76 0.061 0.72 0.039  
624* 18.343 0.93 0.266 0.85 0.148 
 625* 18.360 0.25 0.146 0.70 0.059 
 626 18.378 0.49 0.021 1.14 0.018  
628 18.412 1.09 0.041 0.63 0.021   
629 18.429 1.28 0.021 0.92 0.026   
630* 18.447 0.55 0.541 0.69 0.113 
 631* 18.464 0.20 0.248 0.92 0.063 
 632 18.482 0.22 0.028 1.06 0.024  
633 18.499 0.62 0.039 0.71 0.017   
635 18.533 0.30 0.023 0.46 0.021   
636* 18.551 0.80 0.146 0.81 0.079 
 638* 18.586 1.09 0.097 0.66 0.148 
 641 18.638 1.09 0.031 0.57 0.019  
642 18.656 0.95 0.039 0.76 0.022   
643 18.673 0.86 0.056 0.73 0.015   
645* 18.708 0.45 0.426 0.70 0.077 
 646 18.725 1.10 0.031 0.57 0.039  
647 18.743 0.53 0.053 0.91 0.011   
648 18.760 0.66 0.031 0.69 0.016   
649* 18.777 0.76 0.205 0.59 0.109 
 650 18.795 0.20 0.018 0.61 0.016  
651 18.812 0.17 0.065 0.83 0.012   
652* 18.830 0.14 0.152 0.73 0.045 
 653* 18.847 0.19 0.247 0.83 0.185 
 654 18.864 -0.30 0.051 0.85 0.012  
656 18.899 0.16 0.028 0.70 0.025   
659 18.951 -0.07 0.040 0.82 0.029   
660 18.968 -0.03 0.043 0.86 0.012   
662 19.003 1.02 0.021 0.65 0.023   
663 19.020 0.48 0.048 0.70 0.024   
664 19.037 -0.07 0.028 0.98 0.023   
665 19.055 0.25 0.052 1.06 0.022   
673 19.191 0.45 0.032 0.97 0.006   
679 19.291 0.29 0.043 0.70 0.003   
680* 19.307 -0.25 0.237 0.80 0.034  
683 19.355 0.43 0.050 0.78 0.016   
684 19.370 0.02 0.011 0.89 0.013   
685 19.384 0.34 0.056 0.51 0.039   
686 19.399 0.41 0.019 0.78 0.018   
688* 19.429 0.33 0.020 0.93 0.178  
691 19.473 0.29 0.044 0.81 0.024   
692* 19.487 -0.22 0.197 0.60 0.017  
693* 19.502 0.45 0.316 0.55 0.099  
696* 19.544 -0.40 0.103 0.70 0.043  
697* 19.558 -0.27 0.007 0.75 0.056  
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698 19.572 -0.25 0.026 0.78 0.025   
700 19.600 -0.52 0.028 0.73 0.026   
701 19.640 0.02 0.024 0.87 0.040   
702 19.677 0.09 0.018 0.78 0.034   
703 19.715 -0.15 0.029 0.85 0.028   
704 19.753 0.09 0.050 0.58 0.022   
705 19.790 -0.40 0.015 0.23 0.022   
706 19.828 -0.14 0.030 0.89 0.037   
707 19.866 -0.37 0.034 0.74 0.022   
709 19.941 0.25 0.036 0.78 0.022   
711 20.016 0.12 0.029 0.68 0.027   
712 20.053 0.55 0.058 0.93 0.015   
713 20.090 0.50 0.012 0.78 0.033   
714 20.127 0.09 0.028 0.93 0.019   
715 20.164 0.02 0.039 0.96 0.028   
716* 20.201 -0.26 0.264 0.83 0.007 
 720 20.347 0.54 0.034 1.01 0.018  
721 20.384 0.24 0.034 0.85 0.024   
723 20.456 0.40 0.031 1.06 0.030   
724 20.490 0.32 0.027 1.09 0.032   
726 20.551 0.04 0.036 1.07 0.020   
728 20.598 -0.14 0.022 0.77 0.038   
729* 20.622 -0.11 0.147 1.02 0.006 
 731 20.671 0.40 0.040 0.81 0.023  
732 20.696 -0.09 0.055 0.72 0.016   
733 20.721 -0.09 0.049 0.72 0.042   
734 20.746 -0.78 0.047 0.96 0.032   
735 20.771 -0.48 0.026 0.82 0.030   
736 20.797 0.24 0.056 0.86 0.029   
738 20.847 0.12 0.047 0.57 0.019   
740 20.898 0.21 0.036 0.68 0.027   
741 20.923 -0.25 0.029 1.03 0.017   
743 20.974 -0.20 0.026 0.82 0.010   
744 21.000 0.22 0.035 0.72 0.031   
745 21.025 -0.56 0.055 1.12 0.043   
746 21.051 0.16 0.038 0.34 0.021   
748 21.102 0.13 0.032 0.98 0.020   
749 21.128 0.40 0.037 0.89 0.018   
750 21.153 0.57 0.019 0.79 0.009   
753 21.230 0.22 0.032 0.80 0.012   
754 21.255 -0.27 0.051 0.94 0.026   
756 21.307 -0.08 0.011 0.64 0.020   
758 21.358 0.60 0.044 1.05 0.021   
761 21.435 -0.57 0.059 0.74 0.020   
762 21.461 0.26 0.040 0.73 0.024   
763 21.486 0.18 0.032 0.61 0.021   
764 21.512 0.10 0.025 0.95 0.022   
765* 21.538 0.17 0.347 0.84 0.086 
 766 21.563 0.32 0.042 1.03 0.035  
768 21.615 0.63 0.036 0.83 0.019   
769 21.640 0.30 0.058 0.90 0.030   
770 21.666 0.15 0.043 0.79 0.035   
771 21.692 0.29 0.043 0.92 0.012   
772 21.717 -0.18 0.023 0.98 0.016   
773 21.744 -0.14 0.070 0.91 0.026   
774 21.769 0.37 0.044 0.93 0.022   
775 21.798 -0.12 0.034 0.84 0.028   
778* 21.850 -0.19 0.040 0.66 0.011  
779* 21.867 -0.26 0.022 0.85 0.017  
781* 21.903 -0.03 0.139 0.57 0.041  
783* 21.939 0.07 0.098 0.50 0.045  
784* 21.957 -0.07 0.019 0.55 0.049  
785 21.975 0.04 0.026 0.62 0.010   
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793* 22.122 0.15 0.235 0.54 0.091 
 794 22.141 0.09 0.035 0.48 0.021  
796 22.178 0.16 0.030 0.71 0.010   
798 22.215 0.22 0.035 0.58 0.023   
799 22.233 0.34 0.023 0.59 0.018   
800 22.252 -0.08 0.040 0.45 0.013   
801* 22.270 0.09 0.104 0.70 0.062 
 803* 22.307 0.08 0.234 0.65 0.126 
 804 22.327 0.27 0.007 0.24 0.034  
806 22.363 0.12 0.031 0.55 0.033   
807 22.382 -0.17 0.033 0.80 0.016   
808 22.401 0.23 0.052 0.55 0.016   
809* 22.420 0.11 0.047 0.54 0.035 
 810 22.440 0.36 0.029 0.59 0.021  
811* 22.459 -0.04 0.302 0.46 0.155 
 813 22.498 -0.06 0.026 0.52 0.030   
815 22.538 -0.17 0.010 0.68 0.041   
816 22.557 -0.05 0.025 0.71 0.029   
817 22.577 0.14 0.017 0.37 0.023   
818* 22.597 -0.42 0.309 0.92 0.119 
 819* 22.617 0.17 0.032 0.81 0.108 
 820* 22.636 0.13 0.144 0.44 0.112 
 821 22.656 0.20 0.034 0.83 0.044  
822 22.676 0.32 0.055 0.68 0.023   
829* 22.800 -1.03 0.260 0.77 0.053 
 831* 22.832 -0.87 0.070 0.81 0.071 
 833* 22.864 0.31 0.061 0.65 0.158 
 838 22.945 -0.59 0.037 0.62 0.032  
841 22.994 0.62 0.025 0.72 0.028   
846 23.075 0.21 0.038 0.68 0.013   
851 23.155 0.14 0.243 0.81 0.015 
 852* 23.170 0.30 0.023 0.70 0.024  
853 23.184 0.41 0.031 0.73 0.020   
854* 23.199 0.12 0.391 0.79 0.242 
 855* 23.213 -0.43 0.001 0.82 0.027 
 856 23.228 -0.62 0.038 0.52 0.015  
858 23.257 -0.24 0.051 0.62 0.021   
860 23.286 0.13 0.048 0.58 0.032   
864 23.344 0.50 0.040 0.72 0.008   
870 23.431 0.17 0.009 0.74 0.017   
871 23.446 -0.17 0.056 0.90 0.039   
881 23.624 -0.11 0.042 0.84 0.029   
884 23.678 0.22 0.053 0.68 0.038   
891.5 23.813 -0.14 0.057 1.13 0.024 Combined samples: 891-893 cm 
894* 23.858 -0.34 0.199 0.65 0.051 
 896* 23.894 -0.53 0.087 0.68 0.014 
 897 23.912 -0.16 0.070 0.66 0.033  
898 23.930 -0.03 0.052 0.92 0.020   
900.5 23.974 -0.09 0.046 0.88 0.032 Combined samples: 900-902 cm 
902.5 24.009 -0.18 0.017 0.65 0.031 Combined samples: 902-904 cm 
905.5 24.067 0.32 0.053 0.82 0.020 Combined samples: 905-907 cm 
Replicate Measurements 
624 18.343 1.12 0.050 0.95 0.029  
624 18.343 0.74 0.039 0.74 0.016  
625 18.360 0.22 0.066 0.75 0.020  
625 18.360 0.11 0.037 0.64 0.031  
625 18.360 0.40 0.040 0.71 0.029   
630 18.447 0.93 0.036 0.77 0.017   
630 18.447 0.17 0.026 0.61 0.038   
631 18.464 0.38 0.030 0.97 0.015   
631 18.464 0.03 0.022 0.88 0.015   
636 18.551 0.69 0.036 0.75 0.025   
636 18.551 0.90 0.047 0.86 0.020   
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Table D.1 (cont.) 
Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
638 18.586 1.16 0.036 0.56 0.013   
638 18.586 1.02 0.050 0.77 0.036   
645 18.708 0.15 0.024 0.76 0.022   
645 18.708 0.75 0.020 0.65 0.014   
649 18.777 0.91 0.047 0.67 0.021   
649 18.777 0.62 0.058 0.51 0.036   
652 18.830 0.04 0.048 0.76 0.053   
652 18.830 0.25 0.022 0.70 0.020   
653 18.847 0.36 0.039 0.96 0.027   
653 18.847 0.01 0.040 0.70 0.026   
680 19.307 -0.17 0.036 0.78 0.022   
680 19.307 -0.06 0.042 0.79 0.036   
680 19.307 -0.51 0.038 0.84 0.013   
688 19.429 0.31 0.040 1.06 0.024   
688 19.429 0.34 0.042 0.80 0.033   
692 19.487 -0.08 0.047 0.61 0.024 
 692 19.487 -0.36 0.099 0.58 0.043 
 693 19.502 0.67 0.036 0.48 0.018 
 693 19.502 0.22 0.038 0.62 0.044 
 696 19.544 -0.33 0.033 0.67 0.017 
 696 19.544 -0.48 0.027 0.73 0.015 
 697 19.558 -0.26 0.022 0.79 0.015 
 697 19.558 -0.27 0.034 0.71 0.031 
 716 20.201 -0.45 0.039 0.83 0.044 
 716 20.201 -0.08 0.022 0.82 0.021 
 729 20.622 0.65 0.080 1.03 0.040 
 729 20.622 0.00 0.058 1.02 0.040 
 729 20.622 -0.21 0.046 1.02 0.049 
 765 21.538 -0.08 0.030 0.90 0.018 
 765 21.538 0.41 0.056 0.78 0.020 
 778 21.850 -0.16 0.039 0.67 0.017 
 778 21.850 -0.22 0.040 0.65 0.019 
 779 21.867 -0.25 0.035 0.86 0.039 
 779 21.867 -0.28 0.047 0.83 0.035 
 781 21.903 -0.13 0.018 0.55 0.031 
 781 21.903 0.07 0.010 0.60 0.017  
783 21.939 0.14 0.018 0.47 0.018   
783 21.939 0.00 0.022 0.53 0.032   
784 21.957 -0.08 0.074 0.59 0.034   
784 21.957 -0.06 0.040 0.52 0.035   
793 22.122 0.04 0.054 0.52 0.018   
793 22.122 0.42 0.015 0.63 0.025   
793 22.122 0.00 0.050 0.45 0.026   
801 22.270 0.03 0.055 0.64 0.044   
801 22.270 0.21 0.032 0.76 0.030   
801 22.270 0.04 0.038 0.69 0.016   
803 22.307 0.24 0.035 0.74 0.029   
803 22.307 -0.09 0.053 0.56 0.023   
809 22.420 0.08 0.030 0.52 0.024   
809 22.420 0.15 0.032 0.56 0.020   
811 22.459 -0.25 0.028 0.57 0.025   
811 22.459 0.18 0.028 0.35 0.019   
818 22.597 0.86 0.037 0.64 0.014   
818 22.597 -0.21 0.018 1.00 0.028   
818 22.597 -0.64 0.053 0.83 0.036   
819 22.617 0.19 0.039 0.73 0.014   
819 22.617 0.15 0.029 0.88 0.034   
820 22.636 0.03 0.026 0.36 0.048   
820 22.636 0.23 0.031 0.52 0.018   
829 22.800 -1.21 0.046 0.73 0.022   
829 22.800 -0.84 0.031 0.81 0.042   
831 22.832 -0.92 0.049 0.86 0.030   
831 22.832 -0.82 0.024 0.76 0.022   
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Table D.1 (cont.) 
Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
833 22.864 0.27 0.046 0.54 0.037   
833 22.864 0.36 0.011 0.77 0.044   
854 23.199 0.40 0.047 0.96 0.024   
854 23.199 -0.16 0.028 0.62 0.021   
855 23.213 -0.43 0.042 0.84 0.018   
855 23.213 -0.43 0.050 0.80 0.033   
851 23.155 0.31 0.024 0.80 0.029   
851 23.155 -0.03 0.046 0.82 0.025   
894 23.858 -0.50 0.039 0.60 0.022   
894 23.858 -0.12 0.035 0.70 0.038   
894 23.858 -0.41 0.052 0.66 0.025   
896 23.894 -0.47 0.056 0.69 0.031   
896 23.894 -0.59 0.019 0.67 0.012   
Omitted Data 
313.5 10.828 49.66 44.019 33.24 32.624 low signal intensity (<600 mV) 
314.5 10.855 -1.16 0.018 0.24 0.008 Bad pressure balance 
332 11.321 -1.26 0.030 0.29 0.030 Bad pressure balance 
374.5 12.625 -1.53 1.819 0.95 4.572 low signal intensity (<600 mV) 
375.5 12.643 -1.79 0.148 0.64 0.071 Bad pressure balance 
379 12.712 -20.56 0.815 -10.61 0.732 low signal intensity (<600 mV) 
395.5 13.241 -2.08 0.014 0.76 0.005 Bad pressure balance 
396 13.259 -3.14 0.020 0.41 0.014 Bad pressure balance 
409.5 13.635 -1.84 0.037 0.43 0.028 Bad pressure balance 
414 13.792 -2.09 0.027 0.55 0.017 Bad pressure balance 
417.5 13.909 -3.87 0.091 -0.44 0.033 Bad pressure balance 
419.5 13.962 -3.24 0.032 0.41 0.021 Bad pressure balance 
421 13.991 -2.58 0.021 0.65 0.022 Bad pressure balance 
427 14.108 -6.90 0.058 -1.54 0.033 low signal intensity (<600 mV) 
430.5 14.208 -9.63 0.303 -3.95 0.138 low signal intensity (<600 mV) 
536 16.277 -1.76 0.091 -0.78 0.033 Bad pressure balance 
553 16.664 -1.26 0.052 0.35 0.022 Bad pressure balance 
554 16.685 -0.95 0.024 0.42 0.028 Bad pressure balance 
612 18.126 -4.71 2.970 -14.56 3.729 Bad pressure balance 
612 18.126 -40.72 8.792 -21.94 3.284 Bad pressure balance 
645 18.708 -9.21 0.174 -5.40 0.090 low signal intensity (<100 mV) 
648 18.760 9.69 3.397 -2.27 3.592 low signal intensity (<100 mV) 
650 18.795 -0.73 3.163 -7.53 1.857 low signal intensity (<100 mV) 
652 18.830 -9.73 0.948 -8.98 0.595 low signal intensity (<100 mV) 
654 18.864 -17.10 0.444 -11.01 0.421 low signal intensity (<100 mV) 
660 18.968 0.55 0.200 0.45 0.085 Bad pressure balance 
667 19.089 0.08 0.103 0.44 0.137 low signal intensity (<400 mV) 
676 19.242 -1.02 0.032 0.36 0.015 low signal intensity (<600 mV) 
676 19.242 4.89 3.241 1.46 1.497 low signal intensity (<400 mV) 
680 19.307 -1.01 0.018 0.47 0.020 Outlier 
688 19.429 -10.21 1.597 -8.31 0.658 low signal intensity (<100 mV) 
692 19.487 -4.07 2.191 -8.45 1.529 low signal intensity (<100 mV) 
705 19.790 -13.71 0.718 -19.61 0.345 low signal intensity (<100 mV) 
710 19.979 -8.11 9.307 -1.02 5.353 low signal intensity (<100 mV) 
712 20.053 -8.02 1.121 -3.19 0.648 low signal intensity (<100 mV) 
712 20.053 -13.21 0.403 -9.10 0.668 low signal intensity (<100 mV) 
714 20.127 -13.69 0.486 -7.84 0.236 low signal intensity (<100 mV) 
720 20.347 -0.77 0.112 -0.07 0.053 Bad pressure balance 
778 21.850 -0.97 0.175 0.24 0.163 low signal intensity (<400 mV) 
778 21.850 -10.22 0.768 -8.92 0.503 low signal intensity (<100 mV) 
781 21.903 -0.50 0.361 0.12 0.230 low signal intensity (<400 mV) 
783 21.939 -12.83 0.925 -9.63 0.632 low signal intensity (<100 mV) 
793 22.122 -0.04 0.573 -0.35 0.498 low signal intensity (<400 mV) 
798 22.215 -0.19 0.208 0.08 0.053 low signal intensity (<400 mV) 
801 22.270 -1.61 0.140 -0.35 0.170 low signal intensity (<400 mV) 
804 22.327 0.89 0.873 0.55 0.536 low signal intensity (<400 mV) 
809 22.420 -0.02 0.064 0.69 0.046 Bad pressure balance 
814 22.518 -0.78 0.228 0.07 0.175 Bad pressure balance 
815 22.538 -12.99 0.541 -9.53 0.452 low signal intensity (<100 mV) 
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Table D.1 (cont.) 
Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
818 22.597 -4.06 3.682 7.08 4.272 low signal intensity (<100 mV) 
819 22.617 -0.90 0.172 0.05 0.133 Bad pressure balance 
822 22.676 -12.48 0.720 -8.38 0.234 low signal intensity (<100 mV) 
828 22.784 -10.27 0.700 -9.85 0.238 low signal intensity (<100 mV) 
836 22.913 -13.97 0.717 -9.29 0.489 low signal intensity (<100 mV) 
853 23.184 -16.53 0.494 -9.39 0.523 low signal intensity (<100 mV) 
859 23.271 -13.43 0.303 -10.30 0.150 low signal intensity (<100 mV) 
878 23.570 -14.93 0.574 -9.63 0.507 low signal intensity (<100 mV) 
880 23.606 -15.12 0.668 -9.89 0.489 low signal intensity (<100 mV) 
881 23.624 517.04 261.580 177.98 110.498 low signal intensity (<100 mV) 
883 23.660 -3.03 2.251 -3.72 0.739 low signal intensity (<100 mV) 
886 23.714 -10.59 0.918 -5.41 0.525 low signal intensity (<100 mV) 
893 23.840 1.18 0.066 0.67 0.017 Outlier 
896 23.894 -14.87 0.756 -10.10 0.579 low signal intensity (<100 mV) 
898 23.930 -12.24 0.678 -9.15 0.343 low signal intensity (<100 mV) 
899 23.948 -16.20 1.093 -12.64 0.500 low signal intensity (<100 mV) 
831 22.832 -0.82 0.024 0.76 0.022   
+ Unless otherwise stated, sample resolution is 0.5 cm to 1 cm from 0-466 and 466-908 cm core depth, respectively. 
* Replicated samples with replicate mean and standard deviation (1σ) reported. Individual replicate measurements are included at end of table. 
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Table D.2 Stable oxygen and carbon isotope data, based on G. ruber (pink) foraminifers from 
Orca Basin core MD02-2550. 
 
Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
311 10.763 -1.14 0.026 1.02 0.013 
 312 10.789 -1.56 0.011 0.68 0.010 
 312.5 10.802 -1.48 0.012 0.79 0.005 
 313 10.815 -1.49 0.031 0.20 0.016 
 313.5 10.828 -1.62 0.010 0.73 0.010 
 314.5 10.855 -1.21 0.029 0.56 0.017 
 315 10.868 -1.32 0.012 0.37 0.010 
 315.5 10.881 -0.97 0.017 1.12 0.012 
 316 10.894 -1.38 0.022 0.67 0.015 
 316.5 10.907 -0.98 0.015 0.75 0.015 
 317.5 10.932 -1.42 0.022 0.72 0.008 
 318.5 10.960 -1.69 0.017 0.24 0.007 
 319 10.972 -1.51 0.026 0.42 0.011 
 319.5 10.984 -1.99 0.019 0.51 0.010 
 320.5 11.008 -1.63 0.015 0.83 0.007 
 321 11.020 -1.09 0.016 0.29 0.012 
 321.5 11.032 -1.36 0.025 0.38 0.017 
 322 11.045 -1.53 0.012 0.64 0.015 
 322.5 11.057 -1.08 0.025 0.90 0.011 
 323.5 11.082 -1.41 0.012 0.59 0.009 
 324 11.094 -1.22 0.034 0.81 0.025 
 324.5 11.106 -1.28 0.025 0.49 0.033 
 325 11.119 -1.33 0.016 0.72 0.012 
 325.5 11.131 -1.70 0.015 0.17 0.022 
 326.5 11.155 -1.81 0.019 0.44 0.018 
 327 11.166 -1.57 0.020 0.70 0.012 
 327.5 11.178 -1.30 0.017 0.39 0.014 
 328 11.189 -1.27 0.037 0.40 0.012 
 328.5 11.199 -1.76 0.020 0.48 0.012 
 329.5 11.221 -1.70 0.024 0.30 0.010 
 330 11.240 -1.56 0.011 0.61 0.014 
 330.5 11.259 -1.62 0.019 0.47 0.011 
 331.5 11.300 -1.89 0.014 0.92 0.027 
 332 11.321 -1.41 0.025 0.51 0.009 
 332.5 11.343 -1.44 0.027 0.25 0.020 
 333 11.365 -1.38 0.011 0.50 0.015 
 333.5 11.387 -1.59 0.019 0.52 0.012 
 334.5 11.431 -1.68 0.033 1.01 0.013 
 335 11.453 -1.45 0.021 0.35 0.012 
 335.5 11.475 -1.16 0.015 0.59 0.012 
 336 11.497 -1.94 0.020 0.65 0.027 
 336.5 11.518 -1.03 0.012 0.75 0.015 
 337.5 11.565 -2.02 0.035 0.33 0.047 
 338 11.584 -1.51 0.024 0.89 0.023 
 338.5 11.601 -2.28 0.030 0.64 0.011 
 339 11.618 -1.67 0.009 1.08 0.015 
 339.5 11.635 -2.07 0.024 0.63 0.013 
 340.5 11.669 -1.60 0.011 1.07 0.019 
 341 11.685 -1.61 0.038 0.82 0.040 
 341.5 11.701 -1.52 0.024 1.10 0.013 
 342 11.719 -1.43 0.011 0.92 0.017 
 342.5* 11.741 -1.57 0.004 0.99 0.011 
 343.5 11.781 -1.91 0.016 1.00 0.012 
 344 11.802 -1.77 0.022 0.78 0.014 
 344.5 11.823 -1.82 0.018 1.14 0.009 
 345 11.844 -1.59 0.016 0.69 0.012 
 345.5 11.865 -1.21 0.021 1.37 0.018 
 346.5 11.908 -1.94 0.010 0.91 0.012 
 347 11.928 -1.20 0.013 0.97 0.013 
 347.5 11.948 -1.48 0.023 0.64 0.016 
 348 11.971 -1.27 0.026 0.82 0.007 
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Table D.2 (cont.) 
Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
348.5 11.988 -1.55 0.015 0.77 0.007 
 349.5 12.018 -1.51 0.012 0.86 0.017 
 350 12.033 -1.11 0.024 1.08 0.011 
 350.5 12.048 -1.47 0.027 0.87 0.013 
 351.5 12.080 -1.15 0.026 1.01 0.007 
 352 12.096 -1.48 0.015 0.89 0.011 
 352.5 12.112 -1.64 0.021 0.79 0.024 
 353 12.128 -1.30 0.024 0.74 0.010 
 353.5 12.145 -1.02 0.028 1.03 0.013 
 354.5 12.177 -1.47 0.007 0.62 0.013 
 355 12.193 -1.88 0.017 0.59 0.037 
 355.5 12.209 -1.33 0.016 1.03 0.022 
 356.5 12.240 -1.29 0.022 1.13 0.009 
 357.5 12.270 -0.80 0.015 0.97 0.013 
 358 12.281 -1.32 0.035 0.87 0.011 
 358.5 12.292 -1.37 0.014 0.83 0.011 
 359 12.304 -1.10 0.030 1.14 0.003 
 359.5 12.315 -1.22 0.014 0.85 0.011 
 360.5 12.338 -1.37 0.016 0.97 0.014 
 361 12.350 -1.17 0.017 0.72 0.010 
 361.5 12.361 -1.19 0.028 1.25 0.012 
 362 12.373 -0.73 0.010 1.09 0.010 
 362.5 12.385 -1.47 0.009 0.93 0.014 
 363.5 12.408 -1.47 0.032 0.76 0.017 
 364 12.419 -1.81 0.041 0.87 0.016 
 365 12.442 -1.68 0.013 0.58 0.012 
 365.5 12.453 -1.49 0.008 0.69 0.014 
 366.5 12.475 -1.31 0.026 0.62 0.008 
 367 12.487 -1.63 0.028 0.88 0.010 
 367.5 12.497 -1.73 0.023 0.51 0.010 
 368 12.505 -1.50 0.024 0.45 0.007 
 368.5 12.514 -1.93 0.013 0.64 0.015 
 369.5 12.532 -1.02 0.026 0.56 0.011 
 370 12.541 -1.70 0.019 0.82 0.010 
 370.5 12.550 -1.12 0.025 1.05 0.024 
 371.5 12.569 -1.74 0.014 0.60 0.004 
 372 12.578 -1.50 0.014 0.60 0.013 
 372.5 12.587 -1.50 0.037 1.12 0.013 
 373 12.597 -1.39 0.026 0.79 0.009 
 373.5 12.606 -1.81 0.016 0.86 0.005 
 374.5 12.625 -1.58 0.010 0.65 0.015 
 375 12.634 -1.73 0.018 0.86 0.024 
 375.5 12.643 -1.53 0.012 1.04 0.009 
 376 12.652 -1.57 0.037 0.72 0.011 
 376.5 12.661 -1.44 0.028 0.81 0.017 
 378 12.688 -1.81 0.014 0.90 0.012 
 378.5 12.701 -2.03 0.021 0.74 0.012 
 379 12.712 -2.07 0.035 0.64 0.013 
 379.5 12.724 -1.74 0.027 0.86 0.023 
 380.5 12.747 -1.73 0.010 0.63 0.012 
 381 12.759 -1.59 0.022 0.69 0.022 
 381.5 12.771 -1.33 0.021 0.68 0.015 
 382 12.784 -1.34 0.007 0.65 0.018 
 382.5 12.796 -1.80 0.012 1.02 0.008 
 383 12.808 -1.64 0.012 0.42 0.007 
 383.5 12.820 -1.62 0.009 1.06 0.012 
 384 12.832 -1.06 0.028 1.09 0.008 
 385 12.856 -1.81 0.012 0.70 0.008 
 385.5 12.867 -1.34 0.028 0.82 0.012 
 386 12.878 -1.86 0.013 0.66 0.012 
 387 12.913 -1.77 0.031 0.69 0.022 
 387.5 12.934 -2.95 0.012 0.63 0.017 
 388 12.956 -3.42 0.031 0.93 0.019 
 388.5 12.978 -3.58 0.015 1.00 0.010 
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Table D.2 (cont.) 
Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
389.5 13.025 -3.20 0.015 0.56 0.013 
 390 13.044 -2.67 0.024 0.62 0.019 
 390.5 13.060 -2.91 0.024 1.02 0.008 
 391.5 13.095 -2.78 0.026 0.90 0.008 
 392 13.112 -2.08 0.015 0.96 0.016 
 392.5 13.130 -2.67 0.026 0.82 0.010 
 393 13.148 -2.56 0.027 0.94 0.005 
 393.5 13.165 -2.01 0.018 1.20 0.015 
 394 13.185 -2.80 0.017 1.32 0.012 
 394.5 13.206 -3.52 0.005 0.76 0.012 
 395.5 13.241 -2.47 0.005 0.78 0.007 
 396.5 13.275 -2.50 0.033 0.92 0.015 
 397 13.291 -3.22 0.023 0.78 0.011 
 397.5 13.308 -2.11 0.028 1.04 0.012 
 398 13.321 -3.18 0.012 0.79 0.007 
 398.5 13.333 -2.99 0.009 0.73 0.013 
 399 13.345 -3.03 0.025 0.92 0.014 
 399.5 13.357 -3.33 0.018 1.02 0.013 
 400 13.370 -2.74 0.015 0.77 0.012 
 400.5 13.383 -3.32 0.028 0.72 0.006 
 401 13.396 -3.88 0.020 0.83 0.005 
 401.5 13.409 -4.09 0.036 0.79 0.014 
 402 13.422 -3.46 0.012 0.87 0.017 
 402.5 13.435 -2.53 0.024 1.14 0.023 
 403 13.448 -3.46 0.024 1.03 0.012 
 403.5 13.461 -2.94 0.037 0.59 0.010 
 404 13.474 -3.10 0.027 0.66 0.013 
 404.5 13.487 -2.88 0.022 0.66 0.012 
 405 13.500 -2.88 0.010 0.96 0.010 
 405.5 13.512 -4.68 0.020 0.59 0.015 
 406 13.525 -3.41 0.010 0.80 0.010 
 406.5 13.537 -3.10 0.013 0.88 0.009 
 407 13.551 -2.51 0.032 0.73 0.018 
 407.5 13.569 -3.00 0.029 0.74 0.016 
 408 13.585 -3.92 0.026 0.80 0.008 
 408.5 13.601 -2.38 0.049 0.84 0.017 
 409* 13.618 -3.79 0.008 0.70 0.015 
 409.5 13.635 -4.72 0.009 0.68 0.013 
 410 13.652 -4.67 0.029 0.74 0.017 
 410.5 13.669 -3.30 0.016 0.55 0.022 
 411 13.686 -2.48 0.010 0.85 0.012 
 411.5 13.704 -3.04 0.020 0.71 0.012 
 412 13.721 -3.12 0.015 0.58 0.022 
 413 13.757 -2.42 0.026 0.75 0.012 
 413.5 13.774 -2.27 0.012 0.53 0.020 
 414 13.792 -3.11 0.008 0.62 0.012 
 414.5 13.809 -2.72 0.046 1.19 0.008 
 415 13.827 -1.99 0.021 0.83 0.012 
 417.5 13.909 -3.36 0.039 0.61 0.013 
 418 13.924 -2.39 0.018 1.16 0.011 
 418.5 13.942 -3.14 0.019 0.72 0.010 
 419 13.953 -3.04 0.006 0.94 0.008 
 419.5 13.962 -2.75 0.017 0.76 0.024 
 420 13.972 -2.57 0.014 0.82 0.013 
 420.5 13.981 -2.72 0.028 0.46 0.012 
 421 13.991 -3.21 0.029 0.65 0.013 
 421.5 14.001 -3.28 0.040 0.62 0.012 
 422 14.011 -2.76 0.022 0.69 0.013 
 422.5 14.021 -2.69 0.013 0.76 0.013 
 423 14.031 -2.55 0.009 0.71 0.020 
 423.5 14.041 -2.74 0.018 0.71 0.009 
 424 14.050 -2.74 0.032 0.80 0.046 
 424.5 14.060 -2.79 0.006 0.64 0.017 
 425 14.070 -1.95 0.008 0.98 0.016 
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Table D.2 (cont.) 
Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
425.5 14.080 -2.92 0.032 0.68 0.012 
 426 14.089 -2.78 0.008 0.69 0.016 
 426.5 14.099 -2.33 0.025 0.81 0.014 
 427 14.108 -2.21 0.026 0.47 0.011 
 427.5 14.118 -2.76 0.044 0.37 0.013 
 428 14.134 -2.34 0.011 0.56 0.012 
 428.5 14.148 -2.49 0.041 0.66 0.029 
 429 14.162 -2.01 0.055 0.96 0.016 
 430 14.192 -2.76 0.015 0.61 0.012 
 430.5 14.208 -3.15 0.030 0.80 0.011 
 431 14.223 -2.63 0.023 0.56 0.028 
 431.5 14.239 -2.29 0.019 0.45 0.006 
 432 14.255 -2.97 0.012 -0.16 0.024 
 432.5 14.271 -1.94 0.012 0.98 0.006 
 433 14.286 -2.34 0.020 0.67 0.013 
 433.5 14.302 -2.63 0.020 0.39 0.015 
 434 14.318 -2.51 0.026 0.51 0.009 
 434.5 14.333 -2.17 0.017 0.54 0.019 
 435 14.349 -2.58 0.016 0.72 0.012 
 435.5 14.364 -2.13 0.014 0.85 0.006 
 437.5 14.412 -3.05 0.006 0.83 0.005 
 438 14.412 -2.37 0.021 0.43 0.018 
 438.5 14.412 -3.35 0.014 0.31 0.011 
 439 14.412 -1.70 0.020 0.70 0.025 
 440 14.412 -1.82 0.019 0.95 0.017 
 440.5 14.412 -2.59 0.014 1.06 0.007 
 441 14.412 -1.95 0.011 0.89 0.010 
 441.5 14.412 -2.15 0.014 0.98 0.010 
 442 14.412 -2.23 0.012 1.04 0.012 
 454.5 14.412 -2.39 0.035 0.86 0.016 
 455 14.412 -2.32 0.018 0.82 0.004 
 455.5 14.412 -2.32 0.013 0.79 0.012 
 456 14.412 -1.69 0.020 0.82 0.026 
 456.5 14.425 -1.93 0.014 0.80 0.008 
 457.5 14.447 -2.94 0.039 0.81 0.012 
 458 14.459 -3.79 0.014 0.47 0.008 
 458.5 14.470 -2.46 0.029 0.70 0.013 
 459 14.482 -2.81 0.016 0.73 0.010 
 459.5 14.493 -2.72 0.023 0.74 0.007 
 460 14.505 -3.19 0.023 1.02 0.023 
 461 14.528 -2.71 0.015 0.82 0.026 
 461.5 14.539 -2.53 0.013 0.78 0.013 
 462.5 14.562 -2.40 0.027 0.66 0.011 
 463 14.573 -1.63 0.011 0.65 0.011 
 464 14.596 -1.98 0.007 0.65 0.017 
 465 14.619 -2.21 0.027 0.92 0.004 
 465.5 14.631 -2.19 0.021 1.24 0.003 
 466 14.642 -2.05 0.036 0.54 0.004 
 467 14.665 -2.63 0.014 0.67 0.018 
 468* 14.688 -2.69 0.002 0.68 0.001 
 469 14.710 -2.34 0.012 1.02 0.009 
 470* 14.733 -1.64 0.001 0.86 0.001 
 471 14.756 -2.54 0.018 0.54 0.016 
 472 14.779 -2.10 0.026 0.61 0.012 
 473 14.802 -1.47 0.016 0.93 0.010 
 474 14.824 -2.28 0.017 0.63 0.014 
 475 14.847 -2.13 0.017 0.74 0.016 
 476 14.870 -3.00 0.013 0.66 0.011 
 477 14.892 -3.06 0.024 0.45 0.012 
 478 14.915 -2.55 0.014 0.55 0.008 
 479 14.938 -2.90 0.016 0.84 0.013 
 480 14.960 -3.80 0.020 0.22 0.006 
 481 14.983 -3.25 0.023 0.14 0.017 
 482 15.005 -3.11 0.019 0.41 0.015 
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Table D.2 (cont.) 
Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
483 15.028 -3.06 0.009 0.53 0.008 
 484 15.050 -3.15 0.024 -0.15 0.019 
 485 15.074 -2.77 0.009 0.59 0.014 
 486 15.091 -2.62 0.016 0.71 0.009 
 487 15.108 -2.54 0.020 0.90 0.016 
 488 15.125 -1.55 0.031 0.76 0.029 
 489 15.142 -1.19 0.008 0.79 0.009 
 490 15.159 -1.80 0.011 0.59 0.029 
 491 15.176 -1.43 0.007 0.30 0.010 
 492 15.193 -1.79 0.004 0.86 0.013 
 493 15.210 -2.82 0.025 0.67 0.013 
 494 15.226 -2.33 0.012 0.46 0.005 
 495 15.244 -3.36 0.033 0.12 0.021 
 496 15.269 -2.41 0.037 0.70 0.010 
 497 15.294 -2.20 0.024 0.54 0.017 
 498 15.320 -2.31 0.024 0.67 0.023 
 499 15.346 -2.30 0.024 0.75 0.017 
 500 15.373 -2.17 0.030 0.90 0.012 
 501 15.400 -1.36 0.021 0.83 0.009 
 502 15.427 -1.76 0.024 0.88 0.017 
 503 15.453 -2.49 0.015 0.54 0.016 
 505 15.508 -1.71 0.017 0.88 0.010 
 506 15.539 -1.74 0.027 0.61 0.006 
 508 15.599 -1.50 0.016 0.70 0.016 
 509 15.630 -1.81 0.017 0.98 0.010 
 510 15.661 -1.53 0.021 0.88 0.012 
 511 15.692 -1.51 0.007 0.76 0.009 
 512 15.722 -1.90 0.020 0.55 0.015 
 513 15.753 -1.60 0.029 0.76 0.008 
 514 15.782 -1.60 0.013 0.70 0.002 
 515 15.813 -1.66 0.017 0.86 0.008 
 516 15.839 -1.67 0.022 0.64 0.005 
 517 15.864 -1.18 0.022 0.47 0.011 
 518 15.890 -1.89 0.018 0.98 0.008 
 519 15.916 -1.77 0.012 0.79 0.010 
 520 15.941 -1.63 0.037 0.67 0.007 
 521 15.967 -1.69 0.011 0.76 0.017 
 522 15.993 -1.68 0.021 0.71 0.010 
 524 16.043 -1.45 0.016 0.74 0.008 
 525 16.069 -2.32 0.010 0.69 0.010 
 526 16.087 -1.92 0.028 0.75 0.017 
 527 16.105 -2.32 0.027 0.83 0.007 
 528 16.123 -1.53 0.015 0.76 0.009 
 529 16.142 -2.17 0.014 0.84 0.016 
 530 16.160 -1.53 0.020 0.80 0.008 
 531 16.179 -2.15 0.016 0.62 0.010 
 532 16.197 -2.01 0.046 0.72 0.015 
 533 16.216 -1.97 0.020 0.87 0.007 
 534 16.234 -2.00 0.020 0.69 0.011 
 535 16.252 -1.85 0.011 0.67 0.013 
 536 16.277 -1.97 0.022 0.77 0.008 
 538 16.326 -2.18 0.020 0.71 0.009 
 539 16.351 -1.50 0.016 0.49 0.002 
 540 16.377 -1.83 0.007 0.57 0.020 
 541 16.402 -1.70 0.018 0.78 0.006 
 542 16.428 -2.20 0.017 0.55 0.014 
 543 16.453 -2.36 0.009 0.59 0.017 
 545 16.504 -1.89 0.012 0.72 0.010 
 547 16.544 -2.17 0.018 0.84 0.011 
 548 16.564 -1.90 0.013 0.73 0.012 
 549 16.584 -1.48 0.033 0.78 0.019 
 550 16.604 -1.63 0.024 0.95 0.011 
 551 16.624 -2.07 0.012 0.74 0.007 
 552 16.645 -1.16 0.012 1.17 0.009 
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Table D.2 (cont.) 
Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
553 16.664 -1.62 0.026 0.74 0.005 
 555 16.708 -1.66 0.017 0.78 0.020 
 557 16.751 -1.19 0.014 0.82 0.020 
 558 16.773 -1.47 0.027 0.73 0.013 
 559 16.795 -1.25 0.006 0.79 0.008 
 560 16.817 -1.38 0.019 0.71 0.013 
 561 16.839 -1.55 0.008 0.70 0.011 
 562 16.861 -1.41 0.019 0.75 0.007 
 563 16.883 -1.19 0.028 0.80 0.004 
 565 16.930 -1.04 0.012 0.78 0.011 
 567 16.975 -1.51 0.016 0.93 0.012 
 568 16.998 -1.46 0.013 0.75 0.005 
 569 17.021 -1.12 0.014 0.81 0.008 
 570 17.045 -1.13 0.020 1.14 0.017 
 571 17.068 -1.24 0.020 0.88 0.011 
 572 17.091 -1.10 0.015 1.01 0.005 
 573 17.113 -1.60 0.025 1.03 0.013 
 575 17.164 -0.84 0.014 0.86 0.007 
 577 17.214 -1.01 0.019 1.03 0.011 
 579 17.266 -1.21 0.009 1.06 0.018 
 580 17.291 -1.07 0.015 1.04 0.010 
 581 17.317 -1.05 0.013 1.12 0.018 
 582 17.343 -0.99 0.035 0.91 0.010 
 583 17.369 -1.13 0.018 1.15 0.004 
 585 17.421 -0.87 0.025 0.83 0.012 
 587 17.472 -1.09 0.013 0.92 0.011 
 588 17.498 -1.15 0.014 0.94 0.007 
 589 17.524 -1.17 0.027 0.91 0.011 
 590 17.549 -1.20 0.015 1.15 0.024 
 591 17.575 -1.13 0.024 0.88 0.011 
 592 17.600 -1.36 0.021 1.02 0.012 
 593 17.625 -0.97 0.007 0.80 0.010 
 597 17.732 -0.70 0.019 1.11 0.010 
 598 17.760 -0.95 0.018 1.04 0.007 
 599 17.787 -0.75 0.018 0.84 0.007 
 600 17.815 -0.96 0.018 0.97 0.018 
 601 17.843 -0.82 0.017 1.07 0.004 
 602 17.870 -0.64 0.013 0.96 0.007 
 603 17.896 -0.97 0.012 1.16 0.013 
 607 18.000 -0.95 0.012 1.26 0.011 
 608 18.025 -0.73 0.020 1.10 0.006 
 609 18.051 -0.93 0.020 1.18 0.007 
 610 18.077 -1.34 0.029 0.88 0.019 
 611 18.104 -0.82 0.028 1.18 0.008 
 612 18.126 -0.95 0.024 1.05 0.012 
 613 18.147 -1.06 0.017 0.98 0.012 
 617 18.222 -1.32 0.019 1.08 0.012 
 618 18.238 -1.52 0.010 1.21 0.011 
 619 18.256 -1.45 0.016 1.32 0.011 
 620 18.274 -1.39 0.010 1.12 0.012 
 621 18.291 -1.24 0.020 1.26 0.020 
 622 18.308 -1.68 0.030 1.07 0.008 
 623 18.325 -1.42 0.029 1.29 0.003 
 624 18.343 -1.55 0.048 0.83 0.011 
 625 18.360 -1.43 0.009 1.08 0.016 
 626 18.378 -1.46 0.015 1.16 0.019 
 627 18.394 -1.21 0.022 1.10 0.010 
 628 18.412 -1.49 0.004 1.14 0.012 
 629 18.429 -1.31 0.013 0.80 0.009 
 630 18.447 -1.47 0.010 1.18 0.010 
 631 18.464 -1.58 0.018 1.27 0.003 
 632 18.482 -2.08 0.030 1.07 0.021 
 633 18.499 -1.57 0.016 0.99 0.010 
 634 18.516 -1.95 0.010 0.88 0.018 
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Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
635 18.533 -1.39 0.022 0.87 0.011 
 636 18.551 -0.89 0.007 1.41 0.016 
 637 18.569 -0.87 0.016 1.04 0.019 
 638 18.586 -1.82 0.023 0.76 0.005 
 639 18.603 -1.07 0.052 1.23 0.028 
 641 18.638 -0.73 0.030 1.06 0.023 
 642 18.656 -0.66 0.025 1.20 0.006 
 643 18.673 -0.51 0.009 1.09 0.012 
 644 18.690 -1.26 0.025 1.14 0.013 
 645 18.708 -1.43 0.019 1.22 0.013 
 646 18.725 -1.23 0.016 1.37 0.012 
 647 18.743 -0.83 0.011 1.43 0.026 
 648 18.760 -2.25 0.024 1.03 0.012 
 649 18.777 -1.57 0.026 1.41 0.005 
 650 18.795 -2.07 0.013 1.38 0.013 
 651 18.812 -1.65 0.012 1.45 0.012 
 652 18.830 -1.22 0.064 1.22 0.010 
 653 18.847 -0.99 0.028 1.06 0.020 
 654 18.864 -1.19 0.017 1.11 0.013 
 655 18.882 -1.13 0.032 1.13 0.015 
 656 18.899 -1.54 0.008 0.86 0.010 
 657 18.916 -0.73 0.030 1.01 0.012 
 658 18.934 -0.94 0.015 1.16 0.015 
 660 18.968 -0.93 0.018 1.11 0.012 
 661* 18.986 -1.35 0.097 1.27 0.075 
 663 19.020 -1.01 0.018 1.16 0.011 
 664 19.037 -1.13 0.017 1.27 0.012 
 665 19.055 -0.98 0.019 1.16 0.012 
 666 19.072 -1.03 0.016 1.14 0.008 
 667 19.089 -0.83 0.024 1.48 0.013 
 668 19.106 -1.29 0.029 1.30 0.007 
 669 19.123 -1.55 0.027 1.20 0.011 
 670 19.140 -0.88 0.011 1.06 0.016 
 671 19.157 -0.88 0.030 1.22 0.008 
 672 19.175 -0.54 0.015 1.29 0.013 
 673 19.191 -0.54 0.018 1.17 0.015 
 676 19.242 -0.40 0.018 1.08 0.020 
 677 19.258 -1.02 0.029 1.36 0.026 
 678 19.275 -1.19 0.013 1.17 0.018 
 679 19.291 -0.66 0.015 1.59 0.019 
 680 19.307 -0.76 0.015 1.46 0.006 
 681 19.325 -0.90 0.020 1.29 0.013 
 682* 19.340 -1.10 0.193 1.35 0.044 
 683 19.355 -1.59 0.028 1.20 0.003 
 685* 19.384 -1.28 0.034 1.28 0.155 
 686 19.399 -1.29 0.013 1.20 0.011 
 687 19.414 -1.09 0.011 1.09 0.010 
 688 19.429 -1.21 0.028 1.24 0.023  689* 19.443 -1.51 0.296 0.88 0.172 
 691 19.473 -1.42 0.013 1.16 0.007 
 692 19.487 -1.88 0.011 1.34 0.018 
 693 19.502 -1.47 0.027 1.32 0.011 
 694* 19.516 -0.42 0.623 0.92 0.040 
 695 19.530 -1.41 0.015 0.85 0.015 
 696 19.544 -1.35 0.026 1.07 0.007 
 698 19.572 -0.91 0.010 1.44 0.006 
 699 19.586 -1.10 0.020 1.03 0.012 
 700 19.600 -0.80 0.019 1.21 0.021 
 701 19.640 -0.78 0.031 1.24 0.007 
 702 19.677 -1.07 0.029 1.15 0.017 
 703 19.715 -1.26 0.010 1.11 0.008 
 704 19.753 -1.23 0.017 1.34 0.021 
 705 19.790 -0.65 0.032 1.13 0.009 
 706 19.828 -0.59 0.020 1.38 0.020 
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Table D.2 (cont.) 
Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
707 19.866 -1.00 0.012 1.24 0.009 
 708 19.904 -1.14 0.027 1.32 0.011 
 709 19.941 -1.25 0.011 0.79 0.015 
 710 19.979 -1.36 0.021 1.03 0.025 
 711 20.016 -1.45 0.022 1.28 0.005 
 712 20.053 -1.20 0.013 1.09 0.008 
 713 20.090 -1.41 0.007 1.33 0.016 
 714 20.127 -0.79 0.016 0.97 0.008 
 715 20.164 -1.14 0.024 1.04 0.011 
 716 20.201 -0.92 0.023 1.04 0.004 
 717 20.238 -1.33 0.008 1.11 0.010 
 718 20.274 -1.08 0.017 0.84 0.020 
 719 20.311 -1.19 0.032 1.41 0.007 
 720 20.347 -0.63 0.020 1.06 0.006 
 721 20.384 -1.23 0.026 0.85 0.011 
 722 20.420 -1.06 0.016 1.21 0.025 
 723 20.456 -1.56 0.012 0.86 0.033 
 724 20.490 -1.33 0.018 0.97 0.009 
 726 20.551 -0.75 0.016 0.84 0.018 
 728* 20.598 -1.55 0.252 1.15 0.129 
 729 20.622 -1.37 0.020 0.91 0.006 
 730 20.646 -1.43 0.024 0.98 0.011 
 731 20.671 -1.17 0.034 1.32 0.025 
 733 20.721 -1.45 0.036 1.47 0.008 
 735 20.771 -1.13 0.025 0.88 0.010 
 736 20.797 -1.66 0.018 1.33 0.017 
 737 20.822 -1.49 0.020 1.31 0.012 
 738 20.847 -0.85 0.022 0.87 0.010 
 740 20.898 -1.73 0.006 0.89 0.022 
 741 20.923 -0.66 0.015 0.94 0.008 
 742 20.948 -0.83 0.025 0.97 0.009 
 743 20.974 -1.35 0.018 0.70 0.010 
 744 21.000 -1.14 0.019 0.84 0.024 
 746 21.051 -1.20 0.024 0.78 0.016  747 21.076 -1.42 0.022 1.01 0.019 
 748 21.102 -1.31 0.031 0.94 0.012  749 21.128 -0.85 0.018 1.25 0.013 
 751 21.179 -0.75 0.009 0.93 0.015 
 752 21.204 -1.12 0.016 1.23 0.016 
 753 21.230 -1.04 0.028 1.02 0.008 
 755 21.281 -1.35 0.023 1.00 0.008 
 757 21.332 -1.12 0.006 1.13 0.009  758 21.358 -1.47 0.008 0.91 0.013 
 759 21.384 -1.24 0.017 1.13 0.010  761 21.435 -1.31 0.005 0.95 0.019 
 763 21.486 -1.04 0.024 1.42 0.011  764 21.512 -1.90 0.018 1.14 0.012 
 765 21.538 -1.30 0.020 1.03 0.010  766 21.563 -1.34 0.021 1.01 0.018  768 21.615 -1.14 0.036 1.06 0.026 
 769 21.640 -1.85 0.023 0.94 0.011  770 21.666 -1.12 0.025 0.85 0.011 
 771* 21.692 -1.17 0.159 1.23 0.205 
 772* 21.717 -1.93 1.004 0.53 0.684 
 773 21.744 -1.51 0.019 0.84 0.010 
 774 21.769 -0.95 0.012 1.21 0.007  776 21.816 -0.86 0.021 1.04 0.018  
777* 21.833 -2.57 0.300 1.23 0.100 
 778 21.850 -0.60 0.007 1.75 0.022  779 21.867 -1.91 0.025 0.57 0.015  780 21.885 -1.07 0.007 0.79 0.017  781 21.903 -1.39 0.011 1.07 0.013  
782 21.921 -1.84 0.009 0.90 0.007  783 21.939 -1.51 0.013 1.06 0.013  
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Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
784 21.957 -1.21 0.035 1.13 0.027 
 785 21.975 -1.89 0.023 0.71 0.009  786 21.993 -2.12 0.019 0.78 0.011 
 787 22.012 -2.52 0.020 0.81 0.016 
 788 22.030 -1.29 0.018 1.11 0.012  789 22.048 -1.08 0.022 0.96 0.013  790 22.067 -1.59 0.026 0.85 0.012  791 22.085 -3.06 0.011 1.02 0.019 
 793 22.122 -1.03 0.018 0.70 0.015  
794 22.141 -1.04 0.012 0.82 0.015  795 22.159 -1.56 0.015 1.11 0.015  
797 22.196 -2.49 0.012 1.47 0.015  798 22.215 -1.93 0.012 0.91 0.010  799 22.233 -0.81 0.025 0.66 0.015  800 22.252 -0.61 0.026 0.63 0.019  801 22.270 -0.99 0.042 0.84 0.007  
802 22.288 -1.64 0.012 0.82 0.015  803 22.307 -1.06 0.010 0.75 0.021  804 22.327 -1.34 0.015 0.85 0.016  805 22.345 -1.41 0.023 0.77 0.023  806 22.363 -1.38 0.009 0.68 0.012  
807 22.382 -2.04 0.027 1.48 0.010  808 22.401 -1.51 0.015 0.98 0.008  
809 22.420 -1.24 0.018 1.33 0.018  810 22.440 -1.44 0.021 0.82 0.013  811 22.459 -1.41 0.024 0.91 0.008  
812 22.479 -1.20 0.023 0.92 0.019  813 22.498 -0.86 0.012 0.88 0.022  
814 22.518 -1.38 0.015 0.66 0.008  815 22.538 -0.96 0.004 1.22 0.015  816 22.557 -0.74 0.011 0.99 0.011  817 22.577 -2.07 0.005 1.33 0.009  818 22.597 -1.76 0.019 0.95 0.012 
 819 22.617 -1.07 0.017 0.77 0.011 
 820 22.636 -1.31 0.020 0.65 0.011  822 22.676 -1.57 0.030 1.06 0.012  823 22.695 -1.10 0.039 1.09 0.027  824 22.714 -1.23 0.005 1.09 0.011 
 825* 22.735 -1.29 0.085 1.13 0.012 
 826* 22.752 -1.18 0.143 1.15 0.002 
 827 22.768 -0.97 0.023 0.72 0.016 
 828 22.784 -1.19 0.016 0.76 0.011 
 829 22.800 -0.86 0.009 1.08 0.019 
 830 22.816 -0.95 0.019 0.97 0.009 
 831 22.832 -1.11 0.039 1.01 0.021 
 832 22.848 -1.85 0.030 0.56 0.012 
 833 22.864 -0.71 0.018 0.87 0.018 
 834 22.881 -0.75 0.017 0.88 0.016 
 835 22.897 -1.82 0.013 1.33 0.015 
 836 22.913 -1.56 0.017 0.80 0.008 
 837 22.929 -1.08 0.016 0.68 0.019 
 838 22.945 -0.82 0.006 0.75 0.004 
 839 22.962 -1.35 0.022 1.23 0.015 
 840 22.978 -0.84 0.016 1.00 0.015 
 841 22.994 -1.08 0.030 0.80 0.019 
 842 23.010 -1.67 0.022 1.00 0.010 
 843 23.026 -2.19 0.013 1.29 0.011 
 844 23.042 -3.09 0.046 0.94 0.019 
 845 23.058 -0.34 0.015 0.85 0.012 
 846 23.075 -0.81 0.016 0.96 0.017 
 847 23.091 -0.61 0.026 0.86 0.020 
 848 23.107 -1.65 0.016 1.01 0.006 
 849 23.122 -0.94 0.024 1.08 0.021 
 850 23.138 -1.21 0.018 0.93 0.015 
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Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
851 23.155 -0.72 0.015 1.06 0.012 
 852 23.170 -1.40 0.012 0.79 0.005 
 853 23.184 -1.01 0.016 0.89 0.017 
 854 23.199 -0.53 0.015 0.75 0.010 
 855 23.213 -1.12 0.030 1.06 0.015 
 856 23.228 -2.16 0.032 0.40 0.003 
 857 23.242 -2.26 0.009 1.09 0.015 
 858 23.257 -0.61 0.026 1.26 0.013 
 859 23.271 -0.86 0.020 0.72 0.032 
 860 23.286 -1.01 0.020 0.99 0.010 
 861 23.301 -0.95 0.009 0.86 0.017 
 862 23.315 -1.03 0.019 1.26 0.011 
 863 23.330 -0.28 0.013 1.08 0.007 
 864 23.344 -0.21 0.026 0.98 0.012 
 865 23.359 -1.21 0.016 1.52 0.018 
 866 23.374 -0.92 0.025 1.55 0.025 
 868 23.403 -2.30 0.031 1.15 0.017 
 871 23.446 -1.32 0.015 0.50 0.015 
 872 23.465 -1.08 0.011 1.02 0.009 
 873 23.482 -1.68 0.037 0.86 0.017 
 874 23.499 -3.44 0.024 1.01 0.010 
 875 23.517 -1.33 0.038 0.79 0.010 
 876 23.534 -3.07 0.018 0.33 0.028 
 878 23.570 -1.35 0.010 0.93 0.011 
 879 23.588 -1.57 0.035 0.95 0.010 
 880 23.606 -1.37 0.029 0.90 0.015 
 881 23.624 -1.95 0.022 0.65 0.024 
 882 23.642 -1.33 0.029 1.16 0.013 
 883 23.660 -1.95 0.028 0.75 0.039 
 884 23.678 -0.92 0.020 0.95 0.015 
 885 23.696 -1.71 0.019 0.62 0.011 
 886 23.714 -2.28 0.036 1.26 0.015 
 887 23.732 -3.58 0.028 0.98 0.022 
 888 23.750 -1.68 0.020 1.29 0.013 
 889 23.768 -2.44 0.023 0.83 0.022 
 891 23.804 -1.21 0.021 1.08 0.009 
 892 23.822 -1.15 0.035 1.02 0.030 
 893 23.840 -1.01 0.033 0.93 0.018 
 894 23.858 -1.34 0.021 1.28 0.008 
 895 23.876 -1.64 0.023 1.03 0.017 
 896 23.894 -1.72 0.013 0.74 0.027 
 898 23.930 -1.02 0.025 0.83 0.003 
 901 23.983 -1.29 0.034 1.14 0.020 
 902 24.001 -1.13 0.010 1.21 0.013 
 903 24.019 -0.60 0.018 1.04 0.006 
 904 24.039 -1.35 0.023 0.83 0.013 
 905 24.058 -1.31 0.018 1.16 0.013 
 906 24.077 -1.03 0.005 0.93 0.006 
 907 24.096 -1.17 0.028 0.68 0.011 
 908 24.116 -1.50 0.009 0.47 0.011 
 Replicate measurements 
    342.5 11.741 -1.33 0.014 1.05 0.024 
 342.5 11.741 -1.80 0.009 0.92 0.009 
 409 13.618 -3.68 0.007 0.50 0.005 
 409 13.618 -3.89 0.018 0.89 0.026 
 468 14.688 -2.79 0.018 0.68 0.009 
 468 14.688 -2.58 0.015 0.68 0.010 
 470 14.733 -1.41 0.014 0.90 0.006 
 470 14.733 -1.87 0.013 0.82 0.007 
 661 18.986 -1.41 0.027 1.21 0.011 
 661 18.986 -1.28 0.029 1.32 0.022 
 682 19.340 -0.96 0.045 1.38 0.012 
 682 19.340 -1.24 0.007 1.32 0.006 
 694 19.516 0.02 0.023 0.89 0.023 
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Table D.2 (cont.) 
Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
728 20.598 -1.37 0.031 1.06 0.022 
 728 20.598 -1.73 0.022 1.25 0.017 
 771 21.692 -1.28 0.021 1.37 0.010  771 21.692 -1.05 0.017 1.08 0.004 
 772 21.717 -2.64 0.021 0.04 0.016  772 21.717 -1.22 0.024 1.01 0.005 
 777 21.833 -2.78 0.024 1.16 0.011  777 21.833 -2.35 0.029 1.30 0.010 
 825 22.735 -1.35 0.031 1.14 0.012 
 825 22.735 -1.23 0.013 1.12 0.007 
 826 22.752 -1.08 0.028 1.15 0.031 
 826 22.752 -1.28 0.022 1.15 0.010 
 Omitted data 
343 11.761 -19.63 5.927 -17.01 3.854 Bad pressure balance 
415.5 13.844 -148.56 8.474 -61.72 7.505 Bad pressure balance 
416 13.861 -27.63 0.383 -9.12 0.244 Bad pressure balance 
416.5 13.877 -33.01 1.320 -12.88 0.444 Bad pressure balance 
417 13.893 -32.99 1.781 -13.01 1.047 Bad pressure balance 
429.5 14.177 -3.30 0.021 0.50 0.012 Bad pressure balance 
439.5 14.412 -2.75 0.028 0.78 0.014 Bad pressure balance 
457 14.436 -2.48 0.009 0.76 0.009 Bad pressure balance 
460.5 14.516 -2.56 0.037 -0.70 0.018 Bad pressure balance 
461.5 14.539 -2.93 0.027 0.49 0.015 Bad pressure balance 
462 14.551 -2.89 0.020 0.57 0.008 Bad pressure balance 
462.5 14.562 -2.06 0.014 0.90 0.012 Bad pressure balance 
463.5 14.585 -2.21 0.012 0.78 0.009 Bad pressure balance 
464.5 14.608 -2.17 0.018 0.53 0.009 Bad pressure balance 
465.5 14.631 -2.97 0.050 0.47 0.025 Bad pressure balance 
466 14.642 -2.33 0.025 0.28 0.019 Bad pressure balance 
467 14.665 -3.14 0.046 0.42 0.011 Bad pressure balance 
469 14.710 -2.74 0.030 0.72 0.018 Bad pressure balance 
645 18.708 -16.77 0.834 -8.40 0.361 low signal intensity (<100 mV) 
649 18.777 -16.03 0.431 -8.49 0.476 low signal intensity (<100 mV) 
651 18.812 8.83 8.528 -12.53 1.081 low signal intensity (<100 mV) 
655 18.882 -13.87 0.524 -8.33 0.331 low signal intensity (<100 mV) 
658 18.934 -12.56 0.348 -8.81 0.463 low signal intensity (<100 mV) 
659 18.951 0.31 0.012 1.17 0.017 Outlier 
662 19.003 -15.41 0.478 -9.88 0.272 low signal intensity (<100 mV) 
683 19.355 -13.25 0.818 -8.73 0.550 low signal intensity (<100 mV) 
684 19.370 0.17 0.042 1.25 0.015 Outlier 
686 19.399 -14.84 0.766 -9.04 0.158 low signal intensity (<100 mV) 
693 19.502 -14.87 0.251 -10.16 0.077 low signal intensity (<100 mV) 
696 19.544 -15.36 0.559 -9.17 0.530 low signal intensity (<100 mV) 
697 19.558 -0.60 8.576 -3.58 4.670 Bad pressure balance 
711 20.016 -15.02 0.460 -10.13 0.111 low signal intensity (<100 mV) 
719 20.311 -15.26 1.108 -10.73 1.030 low signal intensity (<100 mV) 
727 20.574 -14.42 0.793 -7.92 0.625 low signal intensity (<100 mV) 
729 20.622 -14.34 0.749 -10.08 0.324 low signal intensity (<100 mV) 
731 20.671 -15.26 0.454 -8.83 0.348 low signal intensity (<100 mV) 
732 20.696 -12.76 0.697 -8.44 0.416 low signal intensity (<100 mV) 
732 20.696 -10.65 1.434 -12.44 0.822 low signal intensity (<100 mV) 
733 20.721 -6.55 3.151 -8.32 0.816 low signal intensity (<100 mV) 
734 20.746 -12.64 2.000 -9.87 1.403 low signal intensity (<100 mV) 
736 20.797 -14.20 0.291 -8.43 0.246 low signal intensity (<100 mV) 
737 20.822 -17.08 6.870 -9.20 4.522 low signal intensity (<100 mV) 
739 20.872 30.51 18.151 -2.11 2.880 low signal intensity (<100 mV) 
745 21.025 -11.75 0.851 -10.01 1.009 low signal intensity (<100 mV) 
745 21.025 0.23 0.035 1.17 0.021 Outlier 
752 21.204 -17.92 0.578 -12.72 0.993 low signal intensity (<100 mV) 
754 21.255 -17.60 0.887 -11.92 0.536 low signal intensity (<100 mV) 
754 21.255 2.84 0.029 2.15 0.011 Outlier 
756 21.307 -54.04 3.319 -8.88 1.774 low signal intensity (<100 mV) 
758 21.358 -16.84 0.437 -10.90 0.340 low signal intensity (<100 mV) 
761 21.435 -15.25 0.323 -9.92 0.215 low signal intensity (<100 mV) 
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Depth (cm)+ Age (ka) δ18O (‰ PDB) ± δ18O δ13C (‰ PDB) ± δ13C Comments 
762 21.461 -12.94 0.403 -6.63 0.512 low signal intensity (<100 mV) 
762 21.461 -3.08 0.783 -4.28 0.435 low signal intensity (<100 mV) 
764 21.512 -16.28 0.804 -9.50 0.635 low signal intensity (<100 mV) 
768 21.615 -13.38 0.555 -7.69 0.205 low signal intensity (<100 mV) 
770 21.666 -22.04 0.979 -10.30 1.282 low signal intensity (<100 mV) 
773 21.744 -16.04 0.333 -9.10 0.400 low signal intensity (<100 mV) 
775 21.798 -1.46 0.062 0.36 0.045 low signal intensity (<700 mV) 
784 21.957 -13.73 1.041 -5.53 0.375 low signal intensity (<100 mV) 
792 22.104 -18.85 0.414 -13.16 0.474 low signal intensity (<100 mV) 
818 22.597 -12.46 1.064 -9.26 0.781 low signal intensity (<100 mV) 
819 22.617 -19.09 0.984 -13.45 1.515 low signal intensity (<100 mV) 
821 22.656 -1.85 0.045 0.73 0.016 low signal intensity (<700 mV) 
851 23.155 -11.07 0.446 -6.93 0.190 low signal intensity (<100 mV) 
897 23.912 -18.02 0.457 -11.56 0.329 low signal intensity (<100 mV) 
899 23.948 2.41 0.029 2.13 0.011 Outlier 
900 23.966 -1.55 5.872 -9.52 1.733 low signal intensity (<100 mV) 
+ Unless otherwise stated, sample resolution is 0.5 cm to 1 cm from 0-466 and 466-908 cm core depth, respectively. 
* Replicated samples with replicate mean and standard deviation (1σ) reported. Individual replicate measurements 
are included at the end of this table. 
 
  
 150 
Table D.3 Trace metal ratios (Mg/Ca, Al/Ca, and Mn/Ca) and calibrated SST based on G. ruber 
(white) foraminifers from Orca Basin core MD02-2550, prepared using the non-reductive 
Cambridge cleaning technique. 
 
Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
#    Al/Ca (µmol/mol)  
  Mn/Ca 
(µmol/mol) Ca (ppm) Comments 
312  10.789  3.83  23.82  119.42 407.20 23.76 
 312.5  10.802  3.82  23.79  37.96 420.34 30.58 
 313  10.815  4.03  24.38  46.21 429.44 25.05 
 314  10.842  3.78  23.67  69.51 732.75 27.28 
 314.5  10.855  3.73  23.52  63.99 800.13 14.75 
 315  10.868  3.72  23.49  179.53 950.63 21.12 
 316  10.894  3.26  22.03  114.05 799.44 19.47 
 317  10.920  3.92  24.08  75.89 766.93 27.11 
 317.5  10.932  3.91  24.05  58.66 726.50 22.96  318  10.947  3.83  23.82  21.47 641.76 21.66  318.5  10.960  3.79  23.70  30.44 661.96 19.35  319  10.972  4.19  24.82  153.81 688.23 16.16  319.5  10.984  4.08  24.52  53.86 813.35 23.56 
 320*  10.996  4.02  24.36  132.30 800.64 23.46 
 321.5  11.032  3.79  23.70  49.30 678.71 24.70 
 322.5  11.057  3.92  24.08  2.21 642.59 26.19 
 323  11.069  3.82  23.79  64.01 587.14 34.19 
 323.5  11.082  4.07  24.49  52.08 566.87 29.67 
 324  11.094  4.96  26.69  153.39 522.52 28.37 
 325.5  11.131  4.35  25.23  39.38 472.44 26.80 
 329.5  11.222  3.69  23.40  3.04 665.72 27.05 
 330.5  11.259  3.66  23.31  46.83 664.92 21.44 
 331  11.278  3.60  23.13  76.02 650.73 23.02 
 332  11.321  3.68  23.37  65.70 697.43 18.91 
 333  11.365  4.19  24.82  86.08 518.37 23.00 
 336  11.497  3.67  23.34  105.50 677.26 14.21 
 336.5  11.518  4.08  24.52  3.46 556.06 16.76 
 337  11.540  4.06  24.47  118.55 852.16 14.01 
 337.5  11.564  3.54  22.94  2.18 892.38 26.54 
 338  11.584  3.29  22.13  46.89 747.63 27.22 
 338.5  11.601  3.67  23.34  2.81 837.02 23.80 
 340.5  11.669  3.35  22.33  35.92 602.71 34.34 
 341  11.685  3.42  22.56  87.46 533.68 21.54 
 341.5  11.701  3.45  22.66  53.31 647.10 28.30 
 342  11.720  3.04  21.25  66.05 473.38 16.04 
 343.5  11.781  3.21  21.86  12.59 925.94 31.20 
 345.5  11.865  3.71  23.46  1.92 675.97 30.17 
 346  11.887  3.24  21.96  2.85 766.63 20.30 
 346.5  11.908  3.13  21.58  3.29 786.52 17.60 
 347  11.928  3.35  22.33  99.08 621.04 17.52 
 347.5  11.948  3.56  23.02  2.50 538.25 23.13 
 349  12.003  3.34  22.30  34.52 593.94 43.86 
 349.5  12.018  3.26  22.03  82.82 497.94 17.29 
 351  12.064  3.66  23.31  55.74 498.33 24.04 
 351.5  12.080  3.19  21.79  62.79 481.07 33.37 
 353  12.128  3.28  22.10  1.95 761.70 29.70 
 353.5  12.145  3.40  22.49  43.24 586.33 25.27 
 354  12.161  3.48  22.75  2.48 630.33 23.33 
 355  12.193  3.11  21.50  14.37 837.05 19.08 
 356  12.225  3.01  21.14  48.85 986.76 24.14 
 357  12.257  3.08  21.40  38.54 768.71 17.30 
 358  12.281  3.69  23.40  54.93 514.99 27.49 
 358.5  12.292  3.78  23.67  67.03 679.74 23.84 
 359.5  12.315  3.31  22.20  3.54 748.26 16.35 
 368  12.505  3.42  22.56  80.60 758.13 11.15 
 372  12.578  3.48  22.75  78.15 785.27 21.45 
 375.5  12.643  3.56  23.01  82.82 964.14 14.83 
 379  12.712  3.95  24.16  33.61 513.17 20.03 
 380  12.735  3.73  23.52  60.73 372.57 22.42 
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Table D.3 (cont.) 
Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
#    Al/Ca (µmol/mol)  
  Mn/Ca 
(µmol/mol) Ca (ppm) Comments 
380.5  12.747  3.08  21.40  3.65 1332.80 15.85 
 385  12.856  4.01  24.33  108.92 1167.40 17.24 
 385.5  12.867  3.81  23.76  32.03 1151.00 19.94 
 392  13.112  3.97  24.22  28.30 388.19 25.92 
 393  13.148  3.94  24.13  48.76 291.69 19.20 
 394  13.185  3.47  22.72  26.18 224.52 50.43 
 396.5  13.275  3.25  21.99  28.02 200.87 31.68 
 397  13.291  3.75  23.58  14.28 173.24 32.28 
 397.5  13.308  4.03  24.38  74.22 194.56 20.34 
 398*  13.321  4.04  24.41  44.73 240.29 38.77 
 398.5  13.333  3.68  23.37  37.70 169.53 34.04 
 399  13.345  3.56  23.01  45.61 216.83 22.80 
 399.5  13.357  3.49  22.78  57.10 201.11 25.41 
 400  13.370  3.66  23.31  1.96 182.35 29.49 
 401  13.396  2.93  20.84  30.18 208.19 27.65 
 401.5  13.409  3.89  23.99  42.18 165.01 33.40 
 403.5  13.461  3.72  23.49  140.75 206.17 29.91 
 410  13.652  3.30  22.16  24.51 140.73 34.08 
 412  13.721  3.53  22.91  22.00 150.60 30.32 
 413  13.757  3.92  24.08  25.88 168.86 31.39 
 414  13.792  3.11  21.50  34.09 150.14 31.14 
 417.5  13.909  4.14  24.68  16.11 169.11 30.21 
 420  13.972  4.13  24.66  126.73 176.94 34.56 
 421  13.991  4.60  25.85  119.87 152.93 29.15 
 421.5*  14.001  3.96  24.19  86.55 154.81 26.27 
 422  14.011  4.28  25.05  106.34 178.71 47.88 
 423*  14.031  4.03  24.38  39.42 148.37 32.02 
 424  14.050  3.79  23.70  22.74 180.82 23.00 
 425  14.070  3.78  23.67  168.67 145.83 20.90 
 425.5  14.080  3.76  23.61  37.80 118.71 21.70 
 426.5  14.099  4.40  25.36  30.59 159.83 32.63 
 427  14.108  4.00  24.30  38.59 158.50 28.39 
 427.5  14.119  4.17  24.76  28.82 176.32 29.14 
 429.5  14.177  4.24  24.95  21.03 193.81 25.49 
 430  14.192  4.01  24.33  34.64 181.66 29.10 
 455.5  14.412  3.55  22.97  17.64 169.63 25.79 
 456  14.412  3.45  22.65  31.87 175.59 26.88 
 456.5  14.409  3.25  21.99  20.17 179.79 27.41 
 458  14.459  3.26  22.03  23.40 193.11 27.61 
 458.5  14.470  3.32  22.23  13.19 179.22 31.36 
 459  14.482  3.53  22.91  13.14 218.37 33.14 
 459.5  14.493  3.67  23.34  18.67 175.83 30.28 
 460  14.505  3.06  21.32  22.05 183.83 30.28 
 460.5  14.516  3.31  22.20  21.60 146.12 28.06 
 461  14.528  3.38  22.43  21.56 157.99 29.48 
 461.5  14.539  3.16  21.68  182.82 170.36 30.92 
 462  14.551  3.26  22.03  19.60 189.33 32.38 
 462.5  14.562  3.17  21.72  40.57 177.70 28.28 
 463  14.573  3.29  22.13  27.37 157.79 19.65 
 464  14.596  3.20  21.82  15.93 193.92 33.88 
 464.5  14.608  3.33  22.26  26.89 185.76 38.08 
 465.5*  14.631  3.29  22.13  31.89 150.98 30.99 
 466*  14.645  3.24  21.96  23.70 172.90 26.87 
 467*  14.665  3.24  21.96  13.91 156.75 30.95 
 468*  14.688  3.11  21.50  69.06 155.38 29.46 
 469*  14.710  3.16  21.68  27.07 147.57 30.98 
 470*  14.733  3.04  21.25  2.65 147.55 33.56 
 471*  14.756  3.19  21.79  4.58 131.46 31.22 
 472  14.779  3.05  21.29  1.90 157.00 32.92 
 473*  14.802  3.40  22.49  2.91 170.94 33.48 
474*  14.824  3.56  23.01  8.97 150.02 36.20  
475*  14.847  3.29  22.13  44.10 151.22 31.83  
476*  14.870  3.07  21.36  6.58 148.66 32.46  
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Table D.3 (cont.) 
Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
#    Al/Ca (µmol/mol)  
  Mn/Ca 
(µmol/mol) Ca (ppm) Comments 
477*  14.892  3.08  21.40  2.87 163.66 29.42 
 478*  14.915  3.29  22.13  3.74 149.86 32.59 
 479*  14.938  3.17  21.72  11.13 144.02 32.68 
 480*  14.960  3.01  21.14  5.78 157.83 33.56 
 481*  14.983  3.07  21.36  6.80 147.08 30.22 
 482*  15.005  3.33  22.26  3.52 160.92 30.08 
 483  15.028  3.54  22.94  3.90 165.15 32.80 
 484  15.050  3.35  22.33  3.40 153.22 32.66 
 485  15.073  3.61  23.16  4.63 183.95 33.76 
 486*  15.091  3.28  22.10  12.91 173.10 29.69 
 488*  15.125  3.32  22.23  4.66 188.12 31.05 
 490*  15.159  3.32  22.23  37.05 160.09 30.74 
 492  15.193  3.16  21.68  21.10 130.24 28.94 
 493  15.210  3.28  22.10  10.11 142.30 32.48 
 494  15.226  3.06  21.32  54.92 124.93 23.40 
 495*  15.245  3.32  22.23  97.09 155.25 31.81 
 496  15.269  3.26  22.03  35.74 157.07 28.42 
 497  15.294  3.11  21.50  50.54 114.15 21.29 
 498*  15.320  3.24  21.96  11.20 145.42 34.10 
 499  15.346  3.23  21.92  8.66 135.62 34.47 
 501*  15.400  3.25  21.99  13.15 118.13 32.43 
 503  15.453  3.33  22.26  18.59 143.43 35.79 
 505  15.508  3.01  21.14  11.75 113.21 32.05 
 506  15.539  3.35  22.33  12.21 133.00 30.97 
 507  15.568  3.05  21.29  14.91 147.86 32.97 
 510  15.661  3.06  21.32  14.96 131.61 30.99 
 511  15.692  3.64  23.25  20.10 162.45 26.73 
 512  15.722  3.11  21.50  38.07 134.73 39.24 
 513  15.753  3.28  22.10  37.42 145.26 29.41 
 514*  15.782  3.31  22.20  54.31 120.62 31.43 
 518  15.890  2.99  21.07  42.39 127.66 28.28 
 519  15.916  3.22  21.89  81.40 188.50 30.56 
 520  15.941  3.76  23.61  23.00 137.44 30.60 
 521  15.967  3.49  22.78  63.61 146.81 22.24 
 522  15.993  3.36  22.36  155.82 138.26 25.88 
 523  16.018  3.12  21.54  3.10 124.58 18.70 
 524  16.043  3.57  23.04  10.53 191.20 27.73 
 525  16.068  3.57  23.04  67.62 167.99 19.95 
 526*  16.087  3.70  23.43  121.35 153.22 20.31 
 527  16.105  3.22  21.89  5.17 151.75 27.79 
 529  16.142  3.77  23.64  2.93 209.67 19.77 
 530  16.160  3.43  22.59  78.65 153.44 14.53 
 533  16.216  3.34  22.30  56.10 211.00 21.64 
 534  16.234  4.30  25.10  194.66 237.31 29.46 
 536  16.277  3.66  23.31  80.30 180.27 25.27 
 537  16.301  3.70  23.43  73.95 191.14 31.81 
 538  16.326  3.00  21.10  4.54 244.38 33.90 
 539  16.351  3.23  21.92  45.95 214.37 30.09 
 541  16.402  3.17  21.72  50.80 272.75 27.99 
 542  16.428  3.28  22.10  55.06 393.47 24.94 
 545  16.503  3.30  22.16  59.81 948.18 19.76 
 546  16.525  3.40  22.49  1.97 722.45 29.33 
 547  16.544  2.92  20.80  74.86 426.75 17.54 
 550  16.604  3.26  22.03  62.49 309.80 20.32 
 552  16.645  3.29  22.13  22.38 290.52 27.87 
 553  16.664  3.12  21.54  7.46 271.18 31.62 
 554*  16.685  3.07  21.36  12.47 291.26 27.76 
 555  16.708  3.35  22.33  125.40 350.50 15.56 
 558  16.773  2.89  20.69  42.83 343.13 25.36 
 559  16.795  3.15  21.65  126.61 377.94 23.67 
563  16.883  2.85  20.53  3.10 558.52 18.68  
568  16.998  3.33  22.26  42.52 978.45 25.94  
569  17.021  2.92  20.80  2.26 1006.20 25.66  
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Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
#    Al/Ca (µmol/mol)  
  Mn/Ca 
(µmol/mol) Ca (ppm) Comments 
570  17.045  2.97  20.99  2.63 951.10 22.04 
 571  17.068  2.71  19.97  3.31 1044.90 30.01 
 572*  17.091  2.67  19.81  40.00 1041.70 21.67 
 573  17.113  2.87  20.61  48.25 1096.00 19.06 
 577  17.214  2.96  20.95  87.73 831.50 21.10 
 579  17.266  3.05  21.29  55.89 860.85 23.92 
 580*  17.291  2.80  20.34  44.34 785.06 17.56 
 581  17.317  2.65  19.73  84.85 814.63 16.11 
 582  17.343  2.88  20.65  59.81 895.59 24.14 
 583  17.369  2.59  19.47  50.16 930.32 21.43 
 585  17.421  2.68  19.85  72.36 854.70 13.71 
 588  17.498  2.87  20.61  45.67 866.36 29.26 
 589  17.524  2.71  19.97  65.30 726.04 25.67 
 590  17.549  3.01  21.14  47.56 706.34 27.79 
 591  17.575  2.62  19.60  45.75 588.39 24.90 
 592  17.600  3.06  21.32  165.23 540.89 20.89 
 597*  17.732  2.54  19.25  21.40 787.71 30.86 
 598  17.760  2.26  17.96  34.85 722.17 25.40 
 599  17.787  2.47  18.94  36.51 640.16 29.95 
 600  17.815  2.21  17.71  46.34 572.06 24.56 
 601*  17.843  2.18  17.56  23.59 478.95 27.46 
 602  17.870  2.39  18.58  49.75 503.49 28.26 
 603  17.896  2.36  18.44  91.66 486.45 26.38 
 607*  18.000  2.52  19.17  57.03 584.50 25.34 
 610  18.077  2.28  18.05  53.44 460.37 24.21 
 611  18.103  2.28  18.05  44.73 436.72 20.26 
 612  18.126  2.41  18.67  30.81 676.55 23.77 
 613*  18.147  2.34  18.34  13.39 581.53 29.12 
 617  18.222  2.19  17.61  38.17 327.52 26.53 
 618  18.238  2.56  19.34  66.97 413.96 22.99 
 619  18.256  2.47  18.94  43.61 455.18 30.21 
 620  18.274  2.35  18.39  27.34 362.78 27.63 
 621  18.291  2.54  19.25  68.32 491.96 21.98 
 624  18.343  2.33  18.30  1.40 432.87 25.02 
 626  18.378  2.44  18.83  4.06 375.36 20.02 
 629  18.425  2.15  17.41  1.20 386.19 29.33 
 630*  18.447  2.29  18.10  3.35 399.05 20.62 
 632*  18.482  2.84  20.49  19.05 502.35 29.85 
 635*  18.533  2.47  18.95  2.49 402.09 27.60 
 641  18.638  2.31  18.19  2.05 305.20 23.60 
 643  18.673  2.11  17.19  1.74 268.96 27.68 
 647  18.743  3.00  21.11  1.26 518.72 28.15 
 651  18.812  2.63  19.63  1.44 466.03 24.80 
 653  18.847  2.35  18.40  1.45 423.83 24.75 
 656  18.899  2.57  19.39  4.75 614.65 17.33 
 659  18.955  2.59  19.45  42.16 597.09 23.58 
 662  19.003  2.35  18.41  1.08 415.20 33.21 
 663  19.020  2.53  19.23  11.45 587.05 16.85 
 665  19.055  2.10  17.15  2.03 417.30 17.69 
 667  19.089  2.37  18.49  4.32 536.01 27.62 
 673  19.191  2.67  19.82  1.92 615.55 25.28 
 676  19.242  2.56  19.36  1.04 347.88 34.46 
 678  19.275  2.60  19.50  1.92 413.97 25.38 
 682  19.340  2.24  17.87  4.35 579.88 18.99 
 684*  19.370  2.51  19.14  1.57 631.95 25.52 
 688*  19.429  2.40  18.62  1.43 348.07 25.81 
 692  19.491  2.69  19.89  1.34 574.20 27.36 
 696*  19.544  2.74  20.10  2.18 424.51 17.16 
 698  19.572  2.73  20.04  1.96 493.12 18.88 
 700  19.604  2.72  20.00  1.67 605.65 22.18 
703  19.715  2.79  20.31  1.99 587.97 18.59  
707  19.866  2.69  19.90  1.89 508.15 19.52  
711*  20.007  2.66  19.76  3.50 571.50 24.15  
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Table D.3 (cont.) 
Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
#    Al/Ca (µmol/mol)  
  Mn/Ca 
(µmol/mol) Ca (ppm) Comments 
712*  20.053  2.57  19.41  3.25 674.87 26.45 
 713  20.090  2.41  18.67  4.12 505.29 20.62 
 714  20.127  2.84  20.48  4.20 736.73 20.16 
 715  20.164  2.73  20.05  44.46 628.48 19.90 
 721  20.375  2.56  19.35  1.54 584.68 24.20 
 724  20.490  2.44  18.79  4.39 441.32 19.88 
 726*  20.551  2.56  19.36  2.02 534.29 18.53 
 729  20.622  2.64  19.67  4.47 552.00 19.53 
 733  20.721  2.76  20.19  4.45 431.00 19.64 
 736  20.797  2.81  20.37  7.91 662.80 11.20 
 741  20.917  2.76  20.19  5.97 717.56 14.95 
 742  20.948  2.26  17.94  4.34 726.69 20.64 
 745  21.025  2.27  18.00  7.50 817.20 12.05 
 748  21.109  2.60  19.50  7.05 630.32 12.93 
 751  21.179  2.71  19.99  4.68 686.61 19.70 
 754  21.255  2.44  18.80  8.51 681.03 11.00 
 758  21.358  2.63  19.65  4.88 706.12 19.21 
 761  21.429  2.60  19.51  5.86 570.25 15.80 
 762  21.461  2.50  19.09  5.53 895.99 17.01 
 764  21.512  2.07  16.97  11.31 1052.87 8.87 
 769*  21.640  2.31  18.18  7.48 894.98 13.35 
 776  21.816  2.44  18.81  5.99 709.99 16.47 
 778*  21.854  2.45  18.85  5.81 825.34 17.54 
 781  21.903  2.26  17.94  13.43 748.93 7.73 
 783  21.939  2.45  18.86  1.96 1022.68 19.11 
 789  22.048  1.98  16.49  16.62 597.74 6.30 
 793  22.122  2.51  19.13  8.52 911.75 12.29 
 796  22.178  2.32  18.25  9.39 772.59 10.99 
 798  22.215  2.13  17.28  11.26 991.26 9.28 
 801  22.270  2.26  17.96  11.63 1100.03 9.23 
 804  22.327  2.54  19.25  10.38 995.09 10.45 
 809*  22.420  2.50  19.06  4.88 577.99 16.59 
 812  22.479  2.27  18.02  5.80 604.27 18.84 
 814*  22.518  2.56  19.34  5.12 767.89 15.73 
 817  22.577  2.39  18.56  7.41 851.40 14.50 
 819*  22.622  2.31  18.18  5.49 616.77 16.07 
 822  22.676  2.03  16.75  7.27 693.31 15.40 
 836  22.913  2.79  20.31  1.79 441.52 21.30 
 837  22.929  2.64  19.66  6.90 362.31 16.50 
 852  23.174  2.78  20.24  8.32 322.14 13.78 
 855*  23.213  2.78  20.25  26.29 299.14 18.02 
 858  23.261  2.16  17.43  41.02 282.57 13.34 
 861  23.301  2.63  19.63  3.46 287.62 11.08 
 864  23.344  2.41  18.69  2.65 585.08 14.54 
 878*  23.570  2.64  19.68  2.15 408.59 18.12 
 880  23.611  3.02  21.17  64.91 499.50 11.31 
 883  23.660  2.38  18.52  3.49 501.37 11.14 
 895  23.876  2.83  20.47  1.43 171.28 27.36 
 898  23.930  3.20  21.83  156.22 212.80 24.62 
 900  23.964  2.72  20.03  1.58 183.86 24.91 
 Replicate measurements 
320 10.996 3.96 24.19 135.24 826.49 26.80 
 320 10.996 4.08 24.53 129.36 774.78 20.13 
 398 13.321 4.01 24.34 31.34 267.70 39.57 
 398 13.321 4.06 24.47 58.13 212.87 37.96 
 421.5 14.001 3.95 24.17 32.97 163.09 28.36 
 421.5 14.001 3.97 24.22 140.12 146.52 24.17 
 423 14.031 3.97 24.21 62.46 156.19 32.20 
 423 14.031 4.09 24.54 16.38 140.56 31.84 
 455 14.412 3.54 22.95 73.37 234.36 29.03 
455 14.412 3.41 22.52 24.24 198.56 22.35  
465.5 14.631 3.28 22.10 1.61 141.62 36.07  
465.5 14.631 3.39 22.47 20.58 171.71 28.86  
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Table D.3 (cont.) 
Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
#    Al/Ca (µmol/mol)  
  Mn/Ca 
(µmol/mol) Ca (ppm) Comments 
465.5 14.631 3.19 21.79 73.50 139.61 28.03 
 466 14.642 3.11 21.51 45.17 188.68 27.83 
 466 14.642 3.37 22.40 2.24 157.12 25.91 
 467 14.665 3.09 21.42 6.25 154.61 31.76 
 467 14.665 3.39 22.46 21.58 158.89 30.15 
 468 14.688 3.07 21.36 12.88 159.32 30.32 
 468 14.688 3.09 21.42 88.60 158.26 29.51 
 468 14.688 3.08 21.38 15.47 158.55 29.15 
 468 14.688 3.19 21.78 159.30 145.37 28.90 
 469 14.710 3.24 21.97 4.04 148.19 34.50 
 469 14.710 3.08 21.40 50.09 146.96 31.46 
 470 14.733 3.08 21.41 2.05 147.44 38.59 
 470 14.733 3.00 21.10 3.25 147.66 28.52 
 471 14.756 3.21 21.86 5.80 143.95 35.33 
 471 14.756 3.16 21.68 3.36 118.96 27.11 
 473 14.802 3.42 22.57 2.70 165.14 36.78 
 473 14.802 3.41 22.53 4.21 170.15 32.00 
 473 14.802 3.38 22.42 1.83 177.53 31.65 
 474 14.824 3.40 22.48 12.90 143.63 37.03 
 474 14.824 3.72 23.50 5.05 156.42 35.38 
 475 14.847 3.27 22.05 85.84 151.69 32.62 
 475 14.847 3.31 22.19 2.37 150.74 31.04 
 476 14.870 3.13 21.57 1.69 155.02 34.22 
 476 14.870 3.02 21.17 11.47 142.30 30.70 
 477 14.892 3.04 21.24 4.32 157.06 34.07 
 477 14.892 3.14 21.62 2.07 180.17 28.02 
 477 14.892 3.05 21.28 2.21 153.74 26.18 
 478 14.915 3.26 22.04 5.59 137.98 34.56 
 478 14.915 3.32 22.25 1.89 161.74 30.62 
 479 14.938 3.19 21.78 20.43 127.51 33.85 
 479 14.938 3.16 21.67 1.84 160.53 31.51 
 480 14.960 3.07 21.38 9.77 159.11 34.90 
 480 14.960 2.94 20.87 1.80 156.54 32.22 
 481 14.983 3.04 21.26 11.58 145.73 32.66 
 481 14.983 3.09 21.45 2.02 148.43 28.74 
 482 15.005 3.33 22.27 5.01 158.45 31.47 
 482 15.005 3.33 22.28 2.02 163.39 28.69 
 486 15.091 3.24 21.95 23.80 180.32 30.64 
 486 15.091 3.32 22.23 2.02 165.88 28.73 
 488 15.125 3.44 22.62 7.33 168.55 32.96 
 488 15.125 3.20 21.83 1.99 207.68 29.13 
 490 15.159 3.21 21.86 24.39 138.58 30.99 
 490 15.159 3.43 22.58 49.70 181.60 30.49 
 495 15.244 3.32 22.24 171.77 155.84 33.05 
 495 15.244 3.31 22.21 22.40 154.67 30.56 
 498 15.320 3.26 22.02 15.98 142.15 34.90 
 498 15.320 3.22 21.89 6.43 148.70 33.30 
 500 15.373 3.05 21.29 5.82 130.96 37.07 
 500 15.373 2.02 16.70 13.24 129.74 34.81 
 501 15.400 3.33 22.27 19.03 114.78 33.63 
 501 15.400 3.18 21.73 7.28 121.47 31.23 
 514 15.782 3.32 22.23 54.03 121.35 32.67 
 514 15.782 3.30 22.15 54.58 119.88 30.20 
 526 16.087 3.65 23.28 71.25 155.91 23.91 
 526 16.087 3.75 23.59 171.44 150.53 16.70 
 554 16.685 3.13 21.58 22.56 312.20 31.24 
 554 16.685 3.01 21.14 2.39 270.32 24.28 
 572 17.091 2.78 20.25 2.80 1,100.56 28.05 
 572 17.091 2.56 19.34 77.20 982.75 15.28 
 580 17.291 2.80 20.36 85.27 757.45 18.09 
 580 17.291 2.79 20.28 3.40 812.68 17.03 
 597 17.732 2.55 19.29 1.82 736.84 31.85 
 597 17.732 2.54 19.23 40.98 838.58 29.87 
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Table D.3 (cont.) 
Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
#    Al/Ca (µmol/mol)  
  Mn/Ca 
(µmol/mol) Ca (ppm) Comments 
601 17.843 2.13 17.28 2.09 457.53 27.75 
 601 17.843 2.23 17.81 45.08 500.36 27.17 
 607 18.000 2.64 19.67 13.36 572.33 28.98 
 607 18.000 2.40 18.61 100.69 596.66 21.71 
 613 18.147 2.36 18.44 24.51 569.52 32.65 
 613 18.147 2.32 18.24 2.26 593.54 25.59 
 630 18.447 2.35  18.41  2.1 421.3 23.46 
 630 18.447 2.22  17.77  4.6 376.8 17.78 
 632 18.482 2.95  20.91  33.5 493.5 34.11 
 632 18.482 2.73  20.04  4.6 511.2 25.59 
 635 18.533 2.50  19.06  1.5 396.9 31.28 
 635 18.533 2.45  18.85  3.4 407.3 23.93 
 684 19.370 2.42  18.72  1.1 578.6 33.48 
 684 19.370 2.61  19.55  2.1 685.3 17.55 
 688 19.429 2.35  18.40  1.3 359.0 28.59 
 688 19.429 2.45  18.84  1.6 337.1 23.02 
 696 19.544 2.78  20.25  1.8 427.7 19.69 
 696 19.544 2.70  19.95  2.5 421.3 14.63 
 711 20.016 2.70  19.93  3.5 589.7 24.22 
 711 20.016 2.62  19.58  3.5 553.3 24.07 
 712 20.053 2.59  19.47  3.4 669.7 25.02 
 712 20.053 2.56  19.34  3.1 680.0 27.87 
 726 20.551 2.68  19.86  2.1 545.8 17.48 
 726 20.551 2.44  18.83  1.9 522.8 19.59 
 769 21.640 2.44  18.81  7.3 901.3 13.70 
 769 21.640 2.17  17.51  7.6 888.6 12.99 
 778 21.850 2.38  18.52  5.5 823.5 18.22 
 778 21.850 2.52  19.17  6.1 827.2 16.86 
 809 22.420 2.49  19.02  7.8 596.9 14.06 
 809 22.420 2.51  19.10  2.0 559.0 19.11 
 814 22.518 2.55  19.32  8.2 822.6 13.16 
 814 22.518 2.56  19.36  2.1 713.2 18.30 
 819 22.617 2.22  17.76  9.1 652.7 12.05 
 819 22.617 2.39  18.58  1.9 580.8 20.10 
 855 23.213 2.76  20.18  1.9 322.5 20.13 
 855 23.213 2.80  20.32  50.7 275.7 15.92 
 878 23.570 2.65  19.73  2.3 390.9 16.89 
 878 23.570 2.63  19.63  2.0 426.3 19.36 
 Omitted data 
315.5 10.881 4.77  26.27  920.77 750.80 14.00 High Al/Ca 
320.5 11.008 4.04  24.40  1,048.52 834.63 27.48 High Al/Ca 
321.5 11.032 3.78  23.68  53.25 674.45 22.50 High RSDs 
331.5 11.300 3.56  23.00  211.08 801.70 26.06 High Al/Ca 
360.5 12.338 3.91  24.04  1,629.72 544.12 34.03 High Al/Ca 
364.5 12.431 3.23  21.94  209.54 945.67 19.63 High Al/Ca 
422.5 14.021 3.86  23.92  288.90 201.47 36.42 High Al/Ca 
466 14.642 3.35  22.32  6.95 155.79 23.19 High RSDs 
472 14.779 3.17  21.73  544.46 159.66 35.41 High Al/Ca 
481 14.983 3.15  21.65  203.49 149.67 29.28 High Al/Ca 
492 15.193 3.12  21.54  301.16 137.61 28.87 High Al/Ca 
508 15.599 3.24  21.94  370.46 125.34 33.87 High Al/Ca 
515 15.813 3.34  22.31  285.01 91.58 15.28 High Al/Ca 
517 15.864 3.42  22.55  324.44 158.81 21.01 High Al/Ca 
528 16.123 3.52  22.89  635.54 152.09 30.86 High Al/Ca 
531 16.179 3.17  21.71  1,456.84 181.10 30.07 High Al/Ca 
543 16.453 2.98  21.04  1,577.72 634.53 19.58 High Al/Ca 
551 16.624 3.46  22.70  335.28 297.03 24.94 High Al/Ca 
560 16.817 2.96  20.97  335.95 389.10 23.94 High Al/Ca 
578 17.240 2.76  20.19  208.93 783.60 25.72 High Al/Ca 
593 17.625 2.56  19.34  204.20 586.62 25.36 High Al/Ca 
+ Unless otherwise stated, sample resolution is 0.5 cm to 1 cm from 0-466 and 466-908 cm core depth, respectively. 
* Replicated samples with replicate mean and standard deviation (1σ) reported. Individual replicate measurements included at the end of  table. 
# Mg/Ca ratios are calibrated to SST using the G. ruber (pink) fixed exponential equation: Mg/Ca=0.381(0.09*SST) from Anand et al. (2003). 
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Table D.4 Trace metal ratios (Mg/Ca, Al/Ca, and Mn/Ca) and calibrated SST based on G. ruber 
(pink) foraminifers from Orca Basin core MD02-2550, prepared using the non-reductive 
Cambridge cleaning technique. 
 
Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
#    Al/Ca (µmol/mol)  
  Mn/Ca 
(µmol/mol) Ca (ppm) Comments 
312.0 10.789 3.93 25.92 12.54 406.46 28.26 
 312.5 10.802 4.14 26.52 29.52 518.55 28.07 
 313.5 10.828 3.98 26.06 14.90 555.64 28.04 
 314.5 10.855 3.82 25.61 1.66 928.19 34.84 
 315.0 10.868 3.93 25.93 87.74 999.45 16.58 
 315.5 10.881 3.68 25.19 19.66 762.23 21.52 
 316.0 10.894 3.63 25.06 22.76 636.10 26.00 
 316.5 10.907 3.76 25.44 31.94 958.60 29.75 
 318.0 10.947 4.11 26.41 19.76 746.26 23.98 
 318.5 10.960 3.97 26.03 29.92 836.60 29.30 
 319.0 10.972 3.75 25.42 8.96 836.67 33.60 
 319.5 10.984 3.81 25.59 44.60 1,000.07 25.06 
 320.5 11.008 4.24 26.77 7.85 840.69 33.60 
 321.0 11.020 4.06 26.29 14.53 840.19 35.69 
 321.5 11.032 4.21 26.68 10.67 826.82 32.24 
 322.0 11.045 3.84 25.67 13.55 751.55 25.93 
 323.5* 11.082 4.08 26.35 19.22 553.29 32.94 
 324.0 11.094 3.79 25.52 16.49 508.15 26.28 
 324.5 11.106 4.02 26.18 18.02 549.75 24.96 
 325.0 11.119 4.33 27.01 13.27 524.53 26.68 
 325.5 11.131 3.99 26.11 62.27 545.86 32.43 
 326.5 11.155 4.14 26.51 8.58 454.89 37.34 
 327.5 11.178 4.22 26.71 4.69 473.84 27.67 
 328.0 11.189 4.24 26.78 126.81 489.39 22.58 
 328.5 11.199 3.91 25.86 17.50 698.88 26.22 
 329.5 11.221 3.84 25.66 25.39 737.07 30.58 
 330.0 11.240 3.91 25.88 20.63 613.23 30.48 
 331.5 11.300 3.97 26.03 6.52 882.98 32.08 
 333.0 11.365 3.78 25.50 29.25 655.33 26.53 
 336.0 11.497 3.86 25.74 12.19 657.59 21.45 
 338.0 11.584 3.52 24.71 34.53 830.95 17.62 
 338.5 11.601 3.42 24.39 85.24 957.97 23.15 
 339.0 11.618 3.81 25.57 42.66 661.04 23.76 
 339.5 11.635 3.67 25.17 4.57 808.35 27.34 
 340.5 11.669 3.80 25.56 21.00 746.13 33.21 
 341.0 11.685 3.82 25.61 51.12 564.23 26.31 
 341.5 11.701 3.55 24.81 17.03 956.96 27.98 
 342.0 11.719 3.97 26.03 26.87 638.95 27.60 
 342.5 11.741 4.03 26.22 16.24 581.68 32.98 
 343.5 11.781 3.72 25.32 47.71 1,160.20 17.43 
 344.0* 11.802 3.59 24.93 74.87 1,059.51 23.76 
 344.5 11.823 3.68 25.20 6.33 1,038.79 27.31 
 345.0 11.844 3.95 25.98 35.54 955.58 27.46 
 345.5* 11.865 3.69 25.23 18.24 838.40 29.71 
 346.5 11.908 3.65 25.11 20.34 970.45 23.23 
 347.0 11.928 3.80 25.54 30.00 698.49 30.96 
 347.5 11.948 3.90 25.84 46.25 694.12 27.86 
 349.5* 12.018 3.75 25.42 37.69 650.81 33.81 
 350.0* 12.033 3.79 25.54 22.57 651.89 26.95 
 351.5 12.080 3.94 25.96 3.76 605.57 28.07 
 352.0* 12.096 3.99 26.10 42.90 701.81 32.24 
 353.0* 12.128 3.81 25.60 30.07 562.20 34.96 
 353.5* 12.145 4.06 26.28 45.27 857.66 21.75 
 355.0 12.193 3.83 25.65 9.03 1,250.31 34.10 
 355.5 12.209 3.76 25.43 13.63 1,006.52 24.69 
 356.5 12.240 3.54 24.76 112.17 1,068.46 24.60 
 357.5 12.270 3.89 25.82 20.30 707.20 33.77 
 358.0 12.281 3.84 25.67 17.77 573.86 34.87 
 358.5 12.292 3.76 25.43 102.91 996.36 32.50 
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Table D.4 (cont.) 
Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
#    Al/Ca (µmol/mol)  
  Mn/Ca 
(µmol/mol) Ca (ppm) Comments 
359.5* 12.315 3.71 25.29 12.61 884.61 30.47 
 361.0 12.350 3.72 25.31 23.59 695.36 34.02 
 362.0 12.373 3.34 24.12 14.78 852.74 22.08 
 362.5 12.385 4.33 26.99 28.99 950.71 34.83 
 365.0 12.442 3.29 23.97 92.39 930.14 25.25 
 365.5 12.453 3.64 25.06 19.56 866.99 32.97 
 366.5 12.475 3.53 24.73 10.38 853.85 31.13 
 367.5 12.497 3.54 24.75 61.34 1,001.86 22.21 
 368.0 12.505 3.40 24.32 21.14 988.20 20.30 
 368.5 12.514 3.37 24.23 33.14 1,189.97 27.98 
 369.5 12.532 3.42 24.39 12.80 1,132.47 30.13 
 370.0 12.541 3.49 24.62 125.95 908.95 22.84 
 370.5 12.550 3.64 25.07 2.38 922.87 24.38 
 372.0 12.578 3.46 24.50 13.76 882.19 35.64 
 372.5 12.587 3.33 24.10 15.77 714.00 24.53 
 373.0 12.597 3.55 24.79 63.69 1,022.09 26.19 
 373.5 12.606 3.50 24.63 27.56 1,142.10 24.10 
 374.5 12.625 3.79 25.53 89.85 1,091.98 22.68 
 375.0 12.634 3.29 23.95 29.27 1,083.41 23.98 
 375.5 12.643 3.58 24.88 20.99 1,135.31 29.18 
 376.5 12.661 3.47 24.55 10.85 1,109.89 29.54 
 378.5 12.701 3.72 25.33 124.16 619.61 35.37 
 379.0 12.712 3.40 24.33 8.30 615.31 32.00 
 379.5 12.724 3.52 24.69 21.53 512.50 35.27 
 380.5 12.747 3.58 24.88 22.56 686.32 24.83 
 381.0 12.759 3.44 24.46 27.12 1,459.00 24.93 
 384.0 12.832 3.76 25.43 77.17 1,471.36 26.85 
 385.0 12.856 3.71 25.30 37.86 1,110.55 23.13 
 385.5 12.867 3.50 24.63 143.32 1,437.44 23.76 
 386.0 12.878 4.35 27.06 16.58 1,091.34 33.28 
 387.5 12.934 3.71 25.29 26.60 1,066.10 33.48 
 388.0 12.956 3.68 25.20 39.52 1,232.28 23.90 
 388.5 12.978 3.91 25.87 25.60 1,106.40 24.46 
 389.5 13.025 3.70 25.25 15.19 1,108.50 33.14 
 390.0 13.044 3.58 24.89 17.17 531.64 35.20 
 390.5 13.060 3.83 25.63 19.50 952.58 35.14 
 391.5 13.095 3.55 24.79 34.72 564.59 27.92 
 392.0 13.112 3.91 25.86 25.79 388.96 36.71 
 392.5 13.130 3.73 25.35 22.04 692.64 34.92 
 393.0 13.148 3.87 25.75 21.99 540.46 28.53 
 393.5 13.165 3.56 24.83 36.92 203.72 25.81 
 394.0 13.185 3.74 25.39 51.78 267.37 29.45 
 395.5 13.241 3.79 25.53 31.43 195.15 21.82 
 396.5 13.275 3.65 25.12 18.50 218.03 25.60 
 397.0 13.291 3.55 24.79 13.16 263.70 38.11 
 397.5 13.308 3.73 25.36 30.19 177.50 36.41 
 399.0 13.345 3.72 25.31 10.96 192.23 33.45 
 399.5 13.357 3.80 25.56 27.24 192.75 27.98 
 400.0 13.370 3.77 25.46 18.19 191.71 35.24 
 400.5 13.383 3.50 24.64 8.93 212.66 41.94 
 401.0* 13.396 3.40 24.33 71.23 182.07 32.08 
 401.5 13.409 3.46 24.52 24.26 145.32 31.28 
 402.0 13.422 3.28 23.92 19.80 206.25 42.18 
 402.5 13.435 3.41 24.36 9.28 194.18 38.91 
 403.0 13.448 3.80 25.54 50.53 209.89 35.59 
 403.5 13.461 3.45 24.49 13.19 203.59 35.10 
 405.0 13.500 3.70 25.25 10.23 137.35 38.37 
 405.5 13.512 3.91 25.87 43.73 185.04 32.62 
 406.5 13.537 4.07 26.32 15.14 156.76 23.72 
 407.0 13.551 3.58 24.90 21.00 184.60 33.74 
 407.5 13.569 3.91 25.87 33.39 150.85 35.82 
 408.0 13.585 3.92 25.90 24.14 199.99 35.43 
 408.5 13.601 3.51 24.69 12.06 125.74 26.20 
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#    Al/Ca (µmol/mol)  
  Mn/Ca 
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409.0 13.618 3.55 24.81 30.13 183.70 26.90 
 409.5 13.635 3.65 25.12 26.62 185.09 35.74 
 410.0 13.652 3.42 24.40 10.77 178.36 40.45 
 410.5 13.669 3.73 25.35 37.44 184.19 36.75 
 411.5 13.704 3.95 25.98 21.56 168.37 39.55 
 413.0 13.757 3.85 25.69 24.59 171.13 37.64 
 413.5 13.774 3.34 24.14 14.47 129.72 35.84 
 414.0* 13.792 3.57 24.87 67.17 184.47 28.09 
 414.5 13.809 3.76 25.44 18.83 167.27 31.21 
 415.0 13.827 4.12 26.45 91.06 233.03 16.99 
 415.5 13.844 3.49 24.62 50.61 306.53 43.58 
 416.0 13.861 3.56 24.84 22.19 230.46 26.72 
 416.5 13.877 3.73 25.33 12.90 176.99 31.79 
 417.0 13.893 3.67 25.16 20.01 193.05 26.02 
 417.5 13.909 3.66 25.14 14.65 168.12 32.26 
 418.0 13.924 3.58 24.90 15.02 164.34 34.18 
 418.5 13.942 3.64 25.08 25.29 202.45 33.77 
 419.0 13.953 3.65 25.10 13.88 180.73 33.16 
 419.5 13.962 3.74 25.37 52.79 228.03 29.10 
 420.0 13.972 3.59 24.93 38.36 222.06 28.54 
 421.0* 13.991 3.39 24.28 13.34 188.35 24.57 
 421.5 14.001 3.61 24.98 108.39 209.10 21.68 
 422.0 14.011 3.41 24.37 8.24 256.53 30.38 
 422.5 14.021 3.28 23.92 41.76 211.31 10.94 
 423.0 14.031 3.39 24.28 15.30 182.82 29.42 
 423.5 14.041 3.29 23.96 13.72 148.10 33.02 
 424.0 14.050 3.59 24.92 6.41 203.91 34.15 
 424.5 14.060 3.83 25.65 19.81 212.46 26.17 
 425.0 14.070 3.69 25.22 11.37 186.22 26.21 
 425.5 14.080 3.41 24.36 10.34 154.58 32.72 
 426.0 14.089 3.31 24.02 48.24 179.19 30.75 
 427.0 14.108 3.20 23.63 9.49 212.08 33.99 
 427.5 14.118 3.32 24.06 89.37 220.26 30.05 
 428.0 14.134 3.41 24.34 39.22 192.31 30.17 
 428.5 14.148 3.42 24.37 37.55 247.16 23.00 
 429.0 14.162 3.23 23.73 36.75 263.28 27.20 
 429.5 14.177 3.47 24.55 80.43 274.70 31.03 
 430.0 14.192 3.26 23.85 12.66 208.75 29.83 
 430.5 14.208 3.56 24.83 90.74 296.45 34.91 
 431.0 14.223 3.17 23.55 28.53 188.64 23.60 
 432.0 14.255 3.29 23.96 58.86 252.05 28.38 
 432.5 14.271 3.42 24.38 95.71 288.04 35.12 
 433.0 14.286 3.61 25.00 11.53 281.45 32.89 
 433.5 14.302 3.65 25.11 16.93 241.24 25.87 
 434.5 14.333 3.70 25.25 20.00 312.37 38.24 
 435.0 14.349 3.54 24.76 23.67 422.81 26.31 
 435.5 14.364 3.65 25.12 110.19 395.70 26.17 
 438.0 14.412 3.54 24.78 14.76 366.34 35.82 
 438.5 14.412 3.29 23.94 45.34 312.25 29.95 
 439.0 14.412 3.57 24.86 48.60 283.02 29.88 
 439.5 14.412 3.70 25.25 20.08 332.14 29.64 
 441.5 14.412 3.87 25.75 11.75 356.37 35.51 
 454.5 14.412 3.97 26.04 42.56 207.66 17.81 
 457.5 14.447 3.56 24.84 26.22 164.33 17.83 
 458.0 14.459 3.87 25.75 98.65 219.36 26.39 
 459.0 14.482 4.03 26.21 15.61 226.81 29.43 
 459.5 14.493 4.15 26.52 23.94 245.42 31.90 
 460.0 14.505 4.04 26.25 21.22 187.16 26.02 
 460.5 14.516 3.66 25.15 46.64 166.35 16.41 
 461.5 14.539 3.77 25.45 10.32 192.76 29.65 
 462.0 14.551 3.86 25.73 15.83 188.45 28.14 
 462.5 14.562 3.57 24.88 19.43 201.91 36.23 
 463.0 14.573 3.62 25.01 36.27 247.00 24.87 
 
 160 
Table D.4 (cont.) 
Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
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  Mn/Ca 
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463.5 14.585 3.56 24.84 22.59 187.81 25.13 
 464.0 14.596 3.39 24.29 15.45 191.59 22.51 
 464.5 14.608 4.03 26.21 62.55 223.46 23.79 
 465.5 14.631 3.93 25.94 23.62 252.67 20.69 
 466 14.642 3.72 25.33 3.02 191.70 19.16 
 467 14.665 4.01 26.14 1.97 219.73 29.39 
 468* 14.688 4.09 26.38 97.91 199.14 26.53 
 469* 14.710 3.66 25.15 92.18 210.73 30.29 
 470* 14.733 3.67 25.18 70.31 162.64 29.15 
 471* 14.756 3.51 24.68 7.10 183.64 35.24 
 472 14.779 3.69 25.22 2.13 173.23 27.20 
 473 14.802 3.91 25.87 1.75 211.50 34.63 
 474* 14.824 3.75 25.42 67.29 171.57 29.06 
 475* 14.847 3.77 25.46 12.09 181.19 36.90 
 476 14.870 3.89 25.80 71.97 184.72 32.69 
 477* 14.892 3.89 25.82 10.42 178.20 33.15 
 478* 14.915 3.70 25.26 37.82 198.47 32.36 
 479* 14.938 3.64 25.07 55.88 172.88 29.57 
 480* 14.960 3.73 25.36 40.91 139.76 25.32 
 481 14.983 3.46 24.51 20.82 128.55 31.77 
 482* 15.005 3.60 24.95 27.66 167.63 27.41 
 483* 15.028 3.85 25.70 38.36 196.92 28.97 
 484* 15.050 3.53 24.73 36.36 189.62 30.81 
 485* 15.074 3.62 25.03 11.53 156.91 37.54 
 486* 15.091 3.62 25.02 100.10 153.47 28.02 
 487* 15.108 3.58 24.88 39.39 146.47 36.54 
 488 15.125 3.57 24.86 7.47 198.98 40.92 
 489* 15.142 3.62 25.01 38.45 196.67 32.36 
 490 15.159 3.78 25.51 11.69 165.16 35.58 
 491* 15.176 3.35 24.14 19.27 137.51 30.69 
 492 15.193 3.49 24.62 1.98 165.21 29.27 
 493* 15.210 3.75 25.41 77.63 175.19 38.81 
 494* 15.226 3.65 25.09 88.74 136.28 31.10 
 495 15.244 3.58 24.88 5.97 214.85 35.07 
 496* 15.269 3.59 24.94 60.30 151.86 28.27 
 497* 15.294 3.50 24.65 57.20 177.84 31.15 
 498 15.320 3.73 25.33 146.57 287.52 35.41 
 499* 15.346 3.67 25.17 38.77 176.50 30.76 
 500* 15.373 3.67 25.17 64.45 153.37 25.63 
 501* 15.400 3.71 25.29 13.93 167.60 30.70 
 502* 15.427 3.88 25.80 29.24 157.26 23.50 
 503 15.453 3.56 24.83 1.90 169.68 30.53 
 504 15.480 3.48 24.57 161.33 123.80 21.53 
 505* 15.508 3.68 25.20 1.74 181.33 33.36 
 506 15.539 3.73 25.35 168.13 167.74 20.15 
 507* 15.568 3.37 24.23 2.76 172.73 27.83 
 508 15.599 4.10 26.39 8.28 167.74 34.93 
 510 15.661 3.69 25.22 12.84 173.56 38.44 
 512* 15.722 3.69 25.22 9.56 169.41 30.88 
 513 15.753 3.60 24.96 68.84 209.33 38.34 
 514* 15.782 3.70 25.27 18.20 173.72 29.30 
 515 15.813 3.69 25.24 95.26 187.19 32.40 
 516 15.839 3.69 25.22 34.84 177.75 34.52 
 517 15.864 3.57 24.85 9.73 175.36 41.89 
 518 15.890 3.73 25.36 13.62 168.49 26.24 
 519* 15.916 3.76 25.44 4.78 172.83 32.07 
 520 15.941 3.63 25.05 10.40 163.95 45.46 
 522* 15.993 4.16 26.55 7.98 168.41 24.16 
 524 16.043 4.13 26.49 120.45 204.72 32.67 
 525 16.069 3.27 23.88 11.78 158.37 30.29 
 526* 16.087 3.43 24.41 92.32 178.41 29.01 
 527 16.105 3.39 24.28 2.23 184.49 25.94 
 528 16.123 3.79 25.51 2.20 195.82 26.30 
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#    Al/Ca (µmol/mol)  
  Mn/Ca 
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529* 16.142 3.82 25.61 8.80 206.33 30.65 
 531 16.179 3.53 24.72 16.80 207.22 29.66 
 532 16.197 3.58 24.89 12.04 239.14 28.68 
 533 16.216 3.47 24.54 120.03 229.87 23.81 
 534 16.234 3.54 24.78 128.67 274.53 23.52 
 535 16.252 3.41 24.34 2.24 210.68 25.89 
 538 16.326 3.64 25.08 4.79 316.85 26.73 
 539 16.351 3.60 24.96 13.61 244.19 28.67 
 540 16.377 3.16 23.50 3.76 451.45 19.91 
 541 16.402 3.67 25.15 157.85 246.85 15.72 
 542 16.428 3.73 25.36 10.19 321.42 30.03 
 543 16.453 3.13 23.40 9.11 801.52 30.21 
 545 16.504 3.16 23.50 6.66 848.25 26.21 
 547 16.544 3.53 24.72 43.45 397.16 23.61 
 548 16.564 3.44 24.44 27.88 355.28 33.48 
 549 16.584 3.35 24.16 37.62 294.31 38.45 
 550 16.604 3.50 24.65 10.09 183.94 42.69 
 551 16.624 3.77 25.46 50.86 288.85 33.92 
 555 16.708 3.73 25.35 22.28 337.29 31.35 
 557 16.751 3.82 25.62 176.36 400.08 24.31 
 558 16.773 3.37 24.22 40.15 429.69 30.65 
 560 16.817 3.50 24.63 66.36 509.36 24.88 
 562 16.861 3.21 23.68 53.57 603.55 22.91 
 563 16.883 3.33 24.10 47.07 670.79 28.14 
 565 16.930 3.41 24.34 137.99 857.18 24.22 
 570 17.045 3.09 23.27 93.11 1,138.56 19.16 
 571 17.068 3.04 23.07 32.08 1,149.77 21.79 
 572 17.091 3.12 23.38 79.74 1,100.72 22.09 
 573 17.113 2.90 22.55 99.54 1,098.06 15.34 
 575 17.164 3.06 23.16 77.10 1,033.90 18.53 
 577 17.214 3.21 23.68 70.68 950.46 25.38 
 578 17.240 3.06 23.14 29.05 783.65 32.79 
 580 17.291 3.02 23.02 48.17 803.29 25.09 
 583 17.369 3.03 23.05 61.94 1,106.72 21.97 
 585 17.421 3.10 23.29 40.43 1,131.67 22.53 
 589 17.524 3.00 22.93 128.14 857.32 26.43 
 590 17.549 2.88 22.48 100.74 778.87 24.38 
 591 17.575 3.22 23.70 38.13 708.41 32.80 
 592 17.600 3.31 24.01 50.80 638.11 24.24 
 593* 17.625 3.31 24.01 47.37 679.61 22.59 
 597 17.732 2.84 22.33 51.15 1,078.88 20.57 
 598* 17.760 2.94 22.71 10.45 1,026.95 23.36 
 599* 17.787 3.03 23.04 81.17 977.02 24.22 
 600 17.815 2.83 22.29 10.44 776.45 22.06 
 601* 17.843 2.53 21.05 92.10 870.76 15.52 
 602 17.870 2.80 22.16 34.14 827.09 28.77 
 603 17.896 3.00 22.92 20.63 819.13 25.62 
 607 18.000 2.88 22.47 88.81 786.04 21.71 
 610 18.077 3.00 22.95 49.41 942.05 25.58 
 611 18.104 3.04 23.08 31.76 933.62 23.42 
 612* 18.126 2.89 22.51 26.18 1,008.56 23.72 
 613 18.147 3.30 24.00 33.11 1,001.93 37.88 
 617 18.222 3.02 22.98 34.11 699.42 30.40 
 618* 18.238 3.16 23.50 13.50 719.32 28.37 
 619 18.256 3.30 23.97 31.72 701.20 34.46 
 620 18.274 3.17 23.55 84.29 874.74 27.79 
 621 18.291 3.20 23.66 28.32 830.25 26.99 
 622* 18.308 3.21 23.68 15.17 875.93 21.78 
 623* 18.325 3.39 24.29 22.58 807.77 21.66 
 624* 18.343 3.14 23.43 15.01 793.69 26.19 
 625* 18.360 3.36 24.20 13.15 711.69 27.62 
 626* 18.378 3.14 23.45 23.03 818.44 22.95 
 627* 18.394 3.10 23.28 17.16 721.42 21.25 
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629* 18.429 3.00 22.93 21.22 719.10 24.66 
 630* 18.447 3.12 23.37 15.21 733.46 32.40 
 631* 18.464 3.57 24.87 38.04 838.05 16.20 
 632* 18.482 3.25 23.82 42.04 701.78 22.51 
 633* 18.499 3.35 24.16 21.16 752.58 21.76 
 634* 18.516 3.34 24.12 98.24 757.73 22.90 
 635* 18.533 3.17 23.55 11.15 728.88 25.87 
 636* 18.551 2.98 22.84 11.20 644.80 26.25 
 637* 18.569 3.10 23.30 44.09 631.06 28.85 
 638* 18.586 3.55 24.78 20.35 670.39 26.72 
 639* 18.603 3.18 23.58 12.07 644.21 18.08 
 641* 18.638 3.05 23.13 11.78 647.46 25.19 
 642* 18.656 3.01 22.95 9.21 727.21 28.16 
 643* 18.673 2.86 22.38 16.15 634.45 19.20 
 644* 18.690 3.02 22.99 17.73 750.82 14.69 
 645* 18.708 3.19 23.61 11.86 725.52 22.47 
 646* 18.725 3.18 23.58 12.37 683.11 22.01 
 647* 18.743 3.74 25.37 8.46 641.46 32.76 
 648* 18.760 3.48 24.58 8.71 579.88 32.11 
 649* 18.777 3.07 23.17 12.34 540.87 17.77 
 650* 18.795 3.31 24.02 23.62 628.40 29.33 
 651* 18.812 3.61 25.00 8.68 688.23 36.04 
 652* 18.830 2.87 22.44 11.94 623.45 23.27 
 653* 18.847 3.22 23.71 13.09 558.22 19.76 
 654 18.864 3.32 24.05 95.4 558.8 25.22 
 655 18.882 3.15 23.47 110.5 804.2 21.98 
 656 18.899 3.19 23.61 104.3 761.4 26.32 
 657* 18.916 2.94 22.70 14.17 778.10 19.89 
 658 18.934 3.27 23.87 83.4 885.5 33.94 
 659 18.951 3.15 23.47 87.9 739.6 28.33 
 660 18.968 2.89 22.50 108.2 691.7 26.59 
 661 18.986 2.76 21.99 101.8 522.8 31.72 
 662* 19.003 2.91 22.58 12.95 692.33 25.63 
 663 19.020 3.12 23.37 86.1 770.7 28.41 
 664 19.037 2.92 22.63 112.0 684.1 26.78 
 665 19.055 3.05 23.12 93.8 717.9 28.42 
 666 19.072 3.41 24.35 101.2 761.7 31.36 
 667* 19.089 3.39 24.30 16.24 677.85 19.49 
 668 19.106 3.17 23.53 106.9 723.0 34.71 
 670 19.140 3.32 24.04 83.6 702.3 36.86 
 671 19.157 3.46 24.52 107.8 698.3 31.64 
 672* 19.175 3.31 24.01 9.50 764.80 29.81 
 673 19.191 3.38 24.27 96.1 845.7 31.58 
 676 19.242 3.37 24.21 83.0 512.2 33.61 
 678 19.275 3.59 24.93 71.7 610.0 32.70 
 679 19.291 3.23 23.74 58.3 647.7 37.62 
 681 19.325 3.15 23.48 76.4 789.0 32.18 
 682* 19.340 2.91 22.59 20.98 883.80 20.74 
 683 19.355 3.11 23.34 118.1 865.7 23.33 
 684 19.370 3.23 23.77 79.3 909.8 31.84 
 685 19.384 3.45 24.47 77.3 763.7 31.32 
 686 19.399 3.29 23.96 80.8 776.2 30.57 
 687* 19.414 3.23 23.74 9.32 534.79 31.47 
 688 19.429 3.32 24.06 104.8 517.3 26.25 
 689 19.443 3.11 23.34 56.2 745.0 38.76 
 691 19.473 3.06 23.15 70.3 804.1 34.80 
 692* 19.487 3.44 24.45 12.19 824.59 30.22 
 693* 19.502 3.43 24.43 16.04 704.47 27.84 
 696 19.544 3.28 23.91 61.0 576.2 37.85 
 697* 19.558 3.32 24.06 16.86 521.91 24.02 
 698 19.572 3.20 23.63 58.2 579.7 38.16 
 699 19.586 3.15 23.49 149.9 667.3 19.62 
 701 19.640 3.52 24.70 130.4 736.6 31.92 
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702* 19.677 3.20 23.64 18.91 733.41 18.52 
 703 19.715 3.17 23.55 19.6 686.1 32.45 
 705 19.790 3.11 23.34 184.4 633.0 26.55 
 706 19.828 3.28 23.93 183.1 661.9 24.06 
 708 19.904 3.08 23.22 138.0 606.9 27.91 
 711 20.016 3.13 23.39 105.6 629.6 31.75 
 712* 20.053 3.00 22.94 13.78 583.77 22.72 
 713 20.090 3.21 23.70 184.7 650.0 21.51 
 716 20.201 3.45 24.47 125.1 650.8 28.69 
 717* 20.238 3.08 23.20 27.03 580.60 21.07 
 718 20.274 3.24 23.78 116.4 629.1 33.30 
 719.5 20.329 3.27 23.90 111.6 543.4 25.78 
 721 20.384 3.42 24.38 124.4 776.2 28.50 
 722* 20.420 2.97 22.83 20.27 744.68 24.71 
 723 20.456 3.22 23.71 104.5 638.3 29.52 
 724 20.490 3.24 23.78 100.3 522.3 35.73 
 726 20.551 3.29 23.94 109.2 697.1 31.95 
 727* 20.574 3.16 23.50 16.61 619.06 23.91 
 728 20.598 3.17 23.53 123.0 592.4 24.58 
 730 20.646 3.15 23.45 140.1 445.9 26.90 
 731 20.671 2.86 22.41 135.7 442.2 25.11 
 733 20.721 3.05 23.09 72.6 484.5 42.81 
 735 20.771 3.44 24.44 104.0 425.6 35.15 
 737* 20.822 3.03 23.03 9.66 618.04 27.20 
 738 20.847 3.38 24.26 156.8 715.5 37.18 
 740 20.898 3.41 24.36 104.4 718.8 30.44 
 741 20.923 3.30 23.98 123.7 622.9 30.14 
 742* 20.948 3.21 23.67 13.07 815.34 23.29 
 743 20.974 3.04 23.08 80.3 705.2 34.22 
 744 21.000 3.24 23.80 87.3 537.4 34.44 
 745 21.025 3.18 23.58 116.5 641.1 33.05 
 746 21.051 3.18 23.58 140.8 714.1 21.59 
 747 21.076 3.28 23.90 94.1 706.9 25.01 
 748 21.102 3.49 24.61 119.7 700.2 27.55 
 751 21.179 3.25 23.82 91.7 613.1 40.65 
 753 21.230 3.46 24.51 123.9 799.4 26.15 
 754 21.255 3.12 23.38 128.4 637.8 25.71 
 756 21.307 2.91 22.58 93.6 630.2 37.25 
 757 21.332 3.43 24.40 123.3 674.4 17.81 
 758 21.358 3.17 23.54 95.7 591.4 32.82 
 759 21.384 3.27 23.88 111.3 673.8 31.76 
 761 21.435 3.07 23.18 86.9 623.2 36.26 
 762 21.461 3.26 23.86 93.1 867.3 28.49 
 763 21.486 3.14 23.43 193.4 1125.4 48.41 
 764 21.512 2.84 22.31 157.1 1042.1 30.60 
 766 21.563 2.99 22.89 89.6 888.1 31.06 
 768 21.615 3.18 23.56 129.4 928.6 28.06 
 769 21.640 3.24 23.79 153.3 1000.8 32.01 
 770 21.666 3.16 23.52 126.8 927.6 26.76 
 772 21.717 3.10 23.28 107.9 887.9 30.94 
 776 21.816 3.42 24.40 76.4 807.8 35.46 
 777 21.833 3.00 22.92 143.3 835.4 20.41 
 778 21.850 3.29 23.94 75.7 860.1 43.74 
 779 21.867 3.30 24.00 109.1 1029.8 29.65 
 780 21.885 3.24 23.78 180.2 945.0 18.49 
 781 21.903 2.94 22.70 96.9 837.1 30.01 
 783 21.939 3.11 23.34 90.8 1074.2 33.41 
 793 22.122 3.29 23.95 113.5 981.3 30.74 
 794 22.141 2.84 22.33 129.1 911.6 26.96 
 800 22.252 3.01 22.98 88.2 1198.4 35.49 
 801 22.270 3.42 24.39 23.7 1172.1 27.52 
 802 22.288 3.25 23.80 99.5 191.8 30.02 
 803 22.307 3.11 23.34 33.7 1156.0 40.90 
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Table D.4 (cont.) 
Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
#    Al/Ca (µmol/mol)  
  Mn/Ca 
(µmol/mol) Ca (ppm) Comments 
804 22.327 3.65 25.12 16.9 982.2 30.73 
 807 22.382 3.40 24.32 104.5 813.7 23.38 
 808 22.401 3.46 24.52 44.5 706.2 29.58 
 809 22.420 3.34 24.12 11.0 679.3 42.60 
 810 22.440 3.37 24.24 22.5 647.1 37.84 
 811 22.459 3.54 24.78 16.6 582.9 52.37 
 812 22.479 3.35 24.14 90.3 601.0 29.60 
 813 22.498 3.45 24.47 38.1 698.6 36.19 
 814 22.518 3.50 24.63 22.2 862.9 42.36 
 815 22.538 3.45 24.47 19.6 943.0 39.27 
 816 22.557 3.30 23.98 29.7 948.5 48.53 
 818 22.597 3.22 23.73 37.8 748.9 33.16 
 819 22.617 3.14 23.45 45.5 580.9 32.86 
 820 22.636 3.26 23.84 28.6 572.2 36.22 
 821 22.656 3.43 24.40 17.4 473.1 21.58 
 823 22.695 3.48 24.57 12.8 418.1 33.71 
 824 22.714 3.16 23.51 24.1 410.6 27.98 
 826 22.752 2.80 22.17 67.8 629.2 14.45 
 827 22.768 2.97 22.81 120.8 791.2 30.44 
 829 22.800 3.14 23.45 46.7 690.6 16.09 
 830 22.816 2.78 22.10 65.7 830.4 17.40 
 831 22.832 3.06 23.14 41.0 757.8 12.15 
 832 22.848 3.13 23.41 153.8 871.3 22.19 
 833 22.864 3.14 23.45 58.4 784.4 21.91 
 834 22.881 3.07 23.18 63.7 794.2 23.22 
 835 22.897 3.34 24.12 17.0 730.5 36.74 
 838 22.945 3.32 24.06 157.8 395.4 25.33 
 839 22.962 3.64 25.07 14.4 526.3 28.85 
 840 22.978 3.29 23.95 12.2 535.5 34.46 
 845 23.058 3.53 24.75 16.5 432.0 32.51 
 846 23.075 3.51 24.67 22.5 430.2 31.48 
 853 23.184 3.31 24.01 19.6 495.6 32.95 
 854 23.199 3.05 23.12 13.9 544.7 32.64 
 855 23.213 3.37 24.22 12.4 463.4 38.46 
 856 23.228 3.11 23.33 15.6 447.0 35.09 
 857 23.242 3.22 23.71 68.7 448.6 30.32 
 858 23.257 3.16 23.51 8.1 385.0 35.72 
 859 23.271 3.12 23.35 15.1 385.2 19.40 
 860 23.286 3.27 23.90 21.1 467.3 32.89 
 864 23.344 3.36 24.17 18.2 809.1 26.40 
 870 23.431 3.02 23.01 10.8 844.8 32.30 
 871 23.446 3.14 23.45 11.7 726.4 25.06 
 872 23.465 2.98 22.84 76.6 504.6 31.76 
 873 23.482 2.81 22.20 29.3 719.0 28.07 
 878 23.570 2.88 22.49 24.1 765.4 22.15 
 880 23.606 2.72 21.86 168.3 683.9 20.32 
 881 23.624 2.80 22.18 60.8 731.1 23.37 
 883 23.660 2.99 22.88 22.3 697.1 24.94 
 886 23.714 3.06 23.13 33.6 895.3 16.51 
 888 23.750 2.70 21.74 10.5 782.3 15.87 
 892 23.822 3.01 22.95 91.9 1075.5 21.05 
 893 23.840 3.55 24.80 102.1 357.6 37.39 
 894 23.858 3.54 24.77 159.4 259.3 24.78 
 895 23.876 3.42 24.37 21.0 263.5 26.88 
 896 23.894 3.51 24.67 6.1 254.3 27.78 
 897 23.912 3.49 24.60 74.8 206.8 27.27 
 898 23.930 3.22 23.73 4.9 253.2 34.90 
 899 23.948 3.49 24.60 5.2 220.9 33.15 
 900 23.966 3.77 25.47 68.8 239.2 22.43 
 901 23.983 3.69 25.23 6.0 214.5 28.70 
 903 24.019 3.48 24.58 97.7 227.1 28.41 
 904 24.039 3.52 24.71 98.1 242.2 33.87 
 905 24.058 3.47 24.54 98.4 229.6 33.81 
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Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
#    Al/Ca (µmol/mol)  
  Mn/Ca 
(µmol/mol) Ca (ppm) Comments 
906 24.077 3.38 24.26 19.6 247.1 39.36 
 Replicate measurements 
323.5 11.082 4.07 26.31 19.44 549.10 34.04 
 323.5 11.082 4.10 26.40 19.01 557.48 31.85 
 344 11.802 3.63 25.05 9.89 1,073.69 27.18 
 344 11.802 3.56 24.82 139.86 1,045.33 20.33 
 345.5 11.865 3.72 25.33 8.26 874.70 32.90 
 345.5 11.865 3.65 25.12 16.26 802.32 29.09 
 345.5 11.865 3.70 25.25 30.20 838.20 27.14 
 349.5 12.018 3.81 25.59 12.12 608.34 34.32 
 349.5 12.018 3.70 25.25 63.26 693.28 33.30 
 350 12.033 3.71 25.29 14.35 658.72 29.34 
 350 12.033 3.88 25.78 30.78 645.07 24.56 
 352 12.096 4.03 26.21 6.08 702.68 35.00 
 352 12.096 3.95 25.98 79.73 700.95 29.48 
 353 12.128 4.20 26.67 44.11 888.40 36.44 
 353 12.128 3.43 24.41 16.04 236.00 33.48 
 353.5 12.145 4.16 26.57 35.35 916.01 21.98 
 353.5 12.145 3.95 25.98 55.18 799.31 21.51 
 359.5 12.315 3.61 24.97 20.63 851.37 33.95 
 359.5 12.315 3.81 25.60 4.58 917.85 26.99 
 401 13.396 3.42 24.39 140.63 175.38 32.50 
 401 13.396 3.38 24.27 1.83 188.77 31.66 
 414 13.792 3.70 25.27 132.20 203.30 29.05 
 414 13.792 3.44 24.46 2.13 165.64 27.14 
 421 13.991 3.35 24.15 9.64 185.00 25.34 
 421 13.991 3.43 24.42 17.04 191.70 23.79 
 468 14.688 4.27 26.85 1.77 173.62 32.74 
 468 14.688 3.92 25.90 194.05 224.67 20.32 
 469 14.710 3.64 25.08 16.43 225.93 37.59 
 469 14.710 3.69 25.22 167.94 195.52 22.98 
 470 14.733 3.72 25.33 41.54 143.09 29.83 
 470 14.733 3.62 25.02 99.07 182.18 28.47 
 471 14.756 3.48 24.58 12.27 199.09 40.42 
 471 14.756 3.54 24.77 1.93 168.19 30.07 
 474 14.824 3.74 25.36 1.67 151.33 34.59 
 474 14.824 3.77 25.47 132.90 191.80 23.54 
 475 14.847 3.77 25.45 11.90 204.17 39.91 
 475 14.847 3.93 25.92 1.56 173.40 37.16 
 475 14.847 3.61 24.98 22.83 166.01 33.64 
 477 14.892 3.84 25.68 15.72 228.72 36.44 
 477 14.892 3.70 25.26 2.27 163.90 32.66 
 477 14.892 4.14 26.49 13.28 141.99 30.35 
 478 14.915 3.62 25.03 9.05 166.25 33.17 
 478 14.915 3.78 25.49 66.59 230.69 31.55 
 479 14.938 3.54 24.76 109.75 167.02 30.26 
 479 14.938 3.74 25.38 2.01 178.74 28.89 
 480 14.960 3.71 25.28 7.02 149.26 29.79 
 480 14.960 3.69 25.22 58.10 148.70 26.79 
 480 14.960 3.81 25.57 57.62 121.34 19.38 
 482 15.005 3.57 24.86 77.13 174.88 29.75 
 482 15.005 3.71 25.29 3.53 184.41 27.50 
 482 15.005 3.52 24.70 2.32 143.61 24.99 
 483 15.028 3.71 25.30 15.81 212.96 31.63 
 483 15.028 3.93 25.92 39.44 187.76 28.30 
 483 15.028 3.91 25.87 59.84 190.05 26.98 
 484 15.050 3.82 25.60 11.85 191.79 33.06 
 484 15.050 3.42 24.39 3.66 182.65 32.10 
 484 15.050 3.35 24.14 93.58 194.41 27.26 
 485 15.074 3.61 25.00 7.08 166.87 43.38 
 485 15.074 3.63 25.05 15.99 146.95 31.71 
 486 15.091 3.65 25.10 24.62 166.07 31.14 
 486 15.091 3.59 24.93 175.58 140.87 24.91 
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Table D.4 (cont.) 
Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
#    Al/Ca (µmol/mol)  
  Mn/Ca 
(µmol/mol) Ca (ppm) Comments 
487 15.108 3.57 24.86 8.45 141.79 40.33 
 487 15.108 3.49 24.62 1.66 143.73 34.84 
 487 15.108 3.67 25.15 108.07 153.89 34.45 
 489 15.142 3.69 25.22 10.00 220.70 41.07 
 489 15.142 3.65 25.10 1.78 180.62 32.50 
 489 15.142 3.52 24.69 103.56 188.69 23.51 
 491 15.176 3.37 24.23 25.16 139.16 31.72 
 491 15.176 3.32 24.06 13.37 135.87 29.66 
 493 15.210 3.80 25.55 33.77 182.20 52.54 
 493 15.210 3.70 25.27 121.49 168.19 25.08 
 494 15.226 3.65 25.11 19.98 145.03 34.51 
 494 15.226 3.80 25.57 118.18 143.27 34.43 
 494 15.226 3.48 24.58 128.07 120.54 24.35 
 496 15.269 3.58 24.89 100.91 155.01 29.13 
 496 15.269 3.61 24.98 19.69 148.71 27.42 
 497 15.294 3.45 24.47 1.68 194.99 34.51 
 497 15.294 3.68 25.21 1.93 164.87 30.02 
 497 15.294 3.37 24.23 168.00 173.67 28.92 
 499 15.346 3.81 25.58 2.28 187.61 35.43 
 499 15.346 3.78 25.49 1.88 151.19 30.78 
 499 15.346 3.43 24.41 112.16 190.71 26.07 
 500 15.373 3.69 25.23 6.24 144.27 28.13 
 500 15.373 3.65 25.10 122.66 162.46 23.13 
 501 15.400 3.72 25.32 25.97 172.67 30.87 
 501 15.400 3.70 25.26 1.90 162.52 30.54 
 502 15.427 3.98 26.06 2.26 149.71 25.63 
 502 15.427 3.86 25.74 43.40 160.59 23.24 
 502 15.427 3.81 25.59 42.07 161.46 21.62 
 505 15.508 3.71 25.28 1.71 174.86 33.96 
 505 15.508 3.65 25.11 1.77 187.80 32.75 
 507 15.568 3.49 24.61 3.10 177.30 31.62 
 507 15.568 3.26 23.85 2.41 168.15 24.04 
 512 15.722 3.74 25.37 16.53 169.81 39.36 
 512 15.722 3.64 25.07 2.59 169.01 22.39 
 514 15.782 3.74 25.37 11.25 167.22 32.84 
 514 15.782 3.67 25.17 25.14 180.22 25.76 
 519 15.916 3.56 24.82 7.57 171.30 34.91 
 519 15.916 3.97 26.03 1.98 174.36 29.22 
 522 15.993 4.11 26.42 2.28 183.09 25.44 
 522 15.993 4.20 26.68 13.68 153.73 22.88 
 526 16.087 3.37 24.22 1.81 169.96 32.09 
 526 16.087 3.49 24.60 182.84 186.86 25.93 
 529 16.142 3.71 25.28 1.75 191.06 33.06 
 529 16.142 3.93 25.93 15.85 221.59 28.25 
 593 17.625 3.30 23.99 87.16 667.94 23.20 
 593 17.625 3.31 24.03 7.58 691.28 21.99 
 598 17.760 3.02 22.99 16.28 1,055.64 34.21 
 598 17.760 2.86 22.41 4.63 998.25 12.51 
 599 17.787 3.14 23.42 157.64 984.98 29.98 
 599 17.787 2.92 22.64 4.70 969.07 18.46 
 601 17.843 2.59 21.31 3.06 875.29 18.93 
 601 17.843 2.47 20.79 181.15 866.22 12.10 
 612 18.126 2.82 22.25 49.69 935.60 25.70 
 612 18.126 2.95 22.76 2.67 1,081.53 21.74 
 618 18.238 3.19 23.61 2.00 741.91 28.99 
 618 18.238 3.18 23.58 36.40 759.81 28.66 
 618 18.238 3.11 23.31 2.11 656.25 27.47 
 622 18.308 3.20 23.66 14.4 871.4 20.83 
 622 18.308 3.22 23.71 16.0 880.5 22.72 
 623 18.325 3.38 24.26 21.9 802.2 20.84 
 623 18.325 3.40 24.32 23.2 813.3 22.47 
 624 18.343 3.13 23.41 16.4 788.4 25.16 
 624 18.343 3.15 23.46 13.6 799.0 27.22 
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Table D.4 (cont.) 
Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
#    Al/Ca (µmol/mol)  
  Mn/Ca 
(µmol/mol) Ca (ppm) Comments 
625 18.360 3.36 24.18 15.7 707.5 26.69 
 625 18.360 3.37 24.22 10.6 715.8 28.56 
 626 18.378 3.14 23.43 26.6 814.3 22.08 
 626 18.378 3.15 23.46 19.4 822.6 23.82 
 627 18.394 3.09 23.27 20.6 718.3 20.58 
 627 18.394 3.10 23.30 13.8 724.6 21.92 
 629 18.429 3.00 22.93 24.4 718.2 23.84 
 629 18.429 3.00 22.94 18.1 720.0 25.48 
 630 18.447 3.11 23.32 15.8 731.5 31.38 
 630 18.447 3.14 23.42 14.6 735.4 33.43 
 631 18.464 3.57 24.87 38.9 834.1 15.68 
 631 18.464 3.57 24.86 37.2 842.0 16.71 
 632 18.482 3.26 23.84 43.5 698.9 21.81 
 632 18.482 3.24 23.80 40.6 704.7 23.22 
 633 18.499 3.33 24.07 19.1 751.9 21.01 
 633 18.499 3.38 24.24 23.2 753.3 22.50 
 634 18.516 3.33 24.09 91.9 754.6 22.00 
 634 18.516 3.35 24.14 104.6 760.9 23.79 
 635 18.533 3.17 23.55 10.8 725.6 25.15 
 635 18.533 3.17 23.55 11.4 732.2 26.59 
 636 18.551 2.97 22.83 11.2 643.9 25.34 
 636 18.551 2.98 22.85 11.2 645.7 27.17 
 637 18.569 3.09 23.24 35.5 629.2 27.93 
 637 18.569 3.12 23.36 52.7 632.9 29.77 
 638 18.586 3.54 24.76 11.3 666.5 25.74 
 638 18.586 3.55 24.81 29.4 674.3 27.69 
 639 18.603 3.19 23.60 7.9 642.0 17.47 
 639 18.603 3.18 23.56 16.3 646.4 18.69 
 641 18.638 3.05 23.12 8.2 646.7 24.11 
 641 18.638 3.06 23.13 15.3 648.2 26.26 
 642 18.656 3.00 22.95 8.0 725.9 27.05 
 642 18.656 3.01 22.96 10.4 728.5 29.27 
 643 18.673 2.85 22.38 16.7 631.4 18.40 
 643 18.673 2.86 22.39 15.5 637.5 20.00 
 644 18.690 3.01 22.96 15.5 746.5 14.04 
 644 18.690 3.03 23.03 20.0 755.1 15.34 
 645 18.708 3.19 23.61 10.7 721.9 21.57 
 645 18.708 3.19 23.61 13.1 729.2 23.38 
 646 18.725 3.17 23.55 11.4 679.4 21.16 
 646 18.725 3.19 23.61 13.3 686.8 22.86 
 647 18.743 3.73 25.33 7.5 639.0 31.41 
 647 18.743 3.75 25.40 9.4 644.0 34.10 
 648 18.760 3.48 24.59 8.3 577.7 30.60 
 648 18.760 3.48 24.58 9.1 582.0 33.62 
 649 18.777 3.06 23.14 8.3 538.6 16.95 
 649 18.777 3.07 23.20 16.4 543.2 18.60 
 650 18.795 3.31 24.01 23.5 626.2 27.90 
 650 18.795 3.31 24.03 23.8 630.5 30.75 
 651 18.812 3.60 24.97 9.3 685.7 34.16 
 651 18.812 3.62 25.03 8.1 690.8 37.91 
 652 18.830 2.85 22.36 11.3 622.4 22.24 
 652 18.830 2.89 22.51 12.6 624.5 24.29 
 653 18.847 3.21 23.69 11.4 556.1 18.81 
 653 18.847 3.23 23.74 14.8 560.4 20.70 
 657 18.916 2.94 22.70 13.7 774.6 18.89 
 657 18.916 2.94 22.70 14.7 781.6 20.90 
 662 19.003 2.91 22.57 14.6 689.6 24.23 
 662 19.003 2.91 22.58 11.3 695.1 27.03 
 667 19.089 3.36 24.19 16.2 675.7 18.66 
 667 19.089 3.43 24.41 16.3 680.0 20.31 
 672 19.175 3.30 24.00 9.1 761.8 28.60 
 672 19.175 3.31 24.02 9.9 767.8 31.02 
 682 19.340 2.91 22.60 23.5 879.5 19.80 
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Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
#    Al/Ca (µmol/mol)  
  Mn/Ca 
(µmol/mol) Ca (ppm) Comments 
682 19.340 2.91 22.58 18.4 888.2 21.67 
 687 19.414 3.22 23.71 9.2 533.0 30.39 
 687 19.414 3.24 23.78 9.4 536.6 32.55 
 692 19.487 3.41 24.37 11.2 821.3 29.06 
 692 19.487 3.46 24.52 13.2 827.9 31.37 
 693 19.502 3.42 24.37 16.2 700.9 26.92 
 693 19.502 3.45 24.49 15.9 708.0 28.76 
 697 19.558 3.32 24.07 16.8 521.0 23.14 
 697 19.558 3.32 24.06 17.0 522.8 24.89 
 702 19.677 3.19 23.63 20.5 730.6 17.96 
 702 19.677 3.20 23.65 17.3 736.2 19.08 
 712 20.053 3.00 22.93 14.5 582.0 21.84 
 712 20.053 3.01 22.95 13.0 585.5 23.59 
 717 20.238 3.08 23.21 29.0 578.1 20.36 
 717 20.238 3.07 23.20 25.1 583.1 21.77 
 722 20.420 2.97 22.81 21.9 739.9 23.92 
 722 20.420 2.98 22.86 18.7 749.5 25.50 
 727 20.574 3.14 23.43 15.0 615.7 23.14 
 727 20.574 3.18 23.56 18.2 622.4 24.68 
 737 20.822 3.03 23.02 8.3 616.1 26.27 
 737 20.822 3.03 23.04 11.0 620.0 28.14 
 742 20.948 3.20 23.65 11.9 811.6 22.41 
 742 20.948 3.21 23.69 14.3 819.1 24.17 
 Omitted data 
311.0 10.763 4.01 26.16 274.92 555.04 27.27 High Al/Ca 
313.0 10.815 4.37 27.11 258.39 561.32 30.69 High Al/Ca 
317.5 10.932 3.79 25.51 11.28 699.85 20.73 High RSDs 
318.0 10.947 17.45 42.49 485.38 1,923.42 0.19 Low Ca 
322.5 11.057 3.64 25.07 341.13 646.65 12.12 High Al/Ca 
323.5 11.082 8.10 33.97 183.37 -1.03 0.32 Low Ca 
328.0 11.189 58.38 55.91 2,372.88 -418.09 0.02 Low Ca 
328.0 11.189 4.41 27.21 100.59 479.20 3.93 Low Ca 
330.5 11.259 4.07 26.32 330.80 695.62 30.13 High Al/Ca 
333.0 11.365 5.99 30.61 111.30 235.07 0.52 Low Ca 
335.0 11.453 3.37 24.23 21.40 747.25 8.28 Low Ca 
336.5 11.518 4.47 27.37 47.24 800.26 15.31 High RSDs 
339.5 11.635 3.73 25.35 1,418.76 767.30 22.79 High Al/Ca 
342.0 11.719 4.37 27.11 36.52 495.03 1.59 Low Ca 
343.0 11.761 3.84 25.68 232.14 749.89 19.55 High Al/Ca 
343.5 11.781 4.09 26.37 36.70 1,172.02 1.58 Low Ca 
347.0 11.928 6.10 30.82 156.76 89.08 0.37 Low Ca 
348.5 11.988 3.89 25.83 771.30 844.97 44.85 High Al/Ca 
350.5 12.048 3.97 26.05 465.41 791.41 24.95 High Al/Ca 
350.5 12.048 3.97 26.05 465.41 791.41 24.95 High Al/Ca 
352.5 12.112 3.82 25.63 205.29 790.85 31.76 High Al/Ca 
352.5 12.112 8.44 34.42 179.76 16.03 0.32 Low Ca 
353.0 12.128 15.56 41.22 428.16 690.30 0.14 Low Ca 
353.0 12.128 4.33 27.00 25.87 877.63 5.65 Low Ca 
355.5 12.209 3.80 25.55 355.71 1,039.10 22.61 High Al/Ca 
355.5 12.209 6.24 31.06 148.10 911.61 0.71 Low Ca 
355.5 12.209 6.24 31.06 148.10 911.61 0.71 Low Ca 
358.0 12.281 4.06 26.28 5,739.40 601.88 26.95 High Al/Ca 
358.0 12.281 4.03 26.20 28.16 479.60 7.99 Low Ca 
359.0 12.304 3.68 25.19 419.75 1,012.79 23.90 High Al/Ca 
360.5 12.338 3.78 25.49 252.01 992.79 32.72 High Al/Ca 
361.5 12.361 3.80 25.57 579.51 898.81 17.59 High Al/Ca 
363.5 12.408 3.50 24.64 11.33 864.16 26.72 High RSDs 
364.5 12.431 3.55 24.81 414.25 2,744.66 30.47 High Al/Ca 
370.5 12.550 3.60 24.96 9.44 898.55 19.45 High RSDs 
371.5 12.569 3.79 25.52 525.83 880.24 29.32 High Al/Ca 
373.0 12.597 8.70 34.76 174.32 51.02 0.33 Low Ca 
385.0 12.856 5.11 28.84 82.17 606.42 0.71 Low Ca 
385.0 12.856 4.42 27.23 36.59 1,005.52 1.58 Low Ca 
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Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
#    Al/Ca (µmol/mol)  
  Mn/Ca 
(µmol/mol) Ca (ppm) Comments 
394.5 13.206 3.50 24.65 421.87 246.98 26.41 High Al/Ca 
411.0 13.686 4.21 26.70 19.44 168.91 36.17 High RSDs 
412.0 13.721 3.84 25.67 274.13 239.76 37.78 High Al/Ca 
412.5 13.739 3.92 25.90 14.86 140.63 6.65 Low Ca 
413.0 13.757 3.88 25.78 14.30 172.21 13.04 High RSDs 
415.0 13.827 5.81 30.26 62.04 239.05 0.93 Low Ca 
415.5 13.844 19.71 43.84 790.05 1,972.77 0.19 Low Ca 
420.0 13.972 8.77 34.84 177.19 37.24 0.33 Low Ca 
420.5 13.981 3.59 24.91 17.71 160.60 7.65 Low Ca 
421.5 14.001 19.38 43.66 677.53 2,017.80 0.18 Low Ca 
426.5 14.099 12.18 38.50 217.73 341.94 30.40 High Al/Ca 
426.5 14.099 11.63 37.98 184.90 310.41 5.52 Low Ca 
431.5 14.239 6.01 30.65 830.79 209.12 15.53 High Al/Ca 
431.5 14.239 13.95 40.00 407.54 412.70 0.26 Low Ca 
434.0 14.318 3.90 25.85 594.19 404.12 24.99 High Al/Ca 
435.5 14.364 9.15 35.32 173.25 57.74 0.33 Low Ca 
454.5 #N/A 3.84 25.67 28.33 198.97 12.52 High RSDs 
458.5 14.470 3.93 25.93 473.56 229.19 27.77 High Al/Ca 
460.5 14.516 4.67 27.84 41.54 132.31 1.39 Low Ca 
461 14.528 4.04 26.24 16.03 170.25 33.19 High RSDs 
465 14.619 3.69 25.22 21.51 166.65 20.10 High RSDs 
466 14.642 3.75 25.40 247.94 181.72 16.55 High Al/Ca 
467 14.665 4.07 26.32 372.34 228.29 18.34 High Al/Ca 
467 14.665 3.83 25.64 297.31 177.04 22.85 High Al/Ca 
472 14.779 3.94 25.97 337.63 194.82 13.66 High Al/Ca 
473 14.802 4.00 26.14 319.05 237.39 24.56 High Al/Ca 
480 14.960 4.39 27.17 37.26 117.62 1.55 Low Ca 
480 14.960 3.85 25.71 42.83 159.50 4.76 Low Ca 
481 14.983 3.81 25.59 393.01 159.49 24.77 High Al/Ca 
483 15.028 18.61 43.21 392.14 2,180.15 0.16 Low Ca 
488 15.125 3.88 25.77 303.46 150.48 14.67 High Al/Ca 
490 15.159 3.86 25.73 3,871.35 171.30 26.36 High Al/Ca 
492 15.193 3.50 24.64 275.62 172.08 25.55 High Al/Ca 
492 15.193 3.47 24.53 229.17 180.61 34.61 High Al/Ca 
494 15.226 18.76 43.30 404.14 2,187.05 0.16 Low Ca 
495 15.244 3.50 24.64 1,176.08 178.65 31.38 High Al/Ca 
498 15.320 16.47 41.85 354.34 1,898.66 0.19 Low Ca 
501 15.400 3.53 24.73 1,970.25 164.68 24.90 High Al/Ca 
502 15.427 4.84 28.24 52.45 115.95 1.10 Low Ca 
503 15.453 3.60 24.95 1,104.69 156.35 26.14 High Al/Ca 
504 15.480 3.58 24.90 258.41 166.26 28.73 High Al/Ca 
505 15.508 3.70 25.25 3,871.86 162.76 19.06 High Al/Ca 
506 15.539 3.68 25.20 919.04 167.41 32.46 High Al/Ca 
507 15.568 3.62 25.03 1,769.63 186.77 22.87 High Al/Ca 
511 15.692 3.79 25.52 512.14 182.16 26.26 High Al/Ca 
511 15.692 3.75 25.41 329.45 202.71 30.38 High Al/Ca 
521 15.967 3.66 25.14 285.44 176.02 19.31 High Al/Ca 
524 16.043 4.15 26.53 106.47 196.43 12.51 High RSDs 
527 16.105 3.56 24.83 17.08 159.94 18.94 High RSDs 
528 16.123 3.58 24.88 791.49 186.82 26.69 High Al/Ca 
530 16.160 3.61 24.99 2,404.38 214.32 19.93 High Al/Ca 
534 16.234 3.47 24.53 508.10 228.19 22.19 High Al/Ca 
536 16.277 3.54 24.76 2,709.47 254.54 21.89 High Al/Ca 
544 16.478 9.54 35.78 169.81 78.11 0.34 Low Ca 
554 16.685 3.94 25.96 44.73 385.31 2.82 Low Ca 
559 16.795 3.29 23.96 367.35 418.73 29.63 High Al/Ca 
579 17.266 3.56 24.82 6.16 744.90 7.86 Low Ca 
581 17.317 15.73 41.34 165.70 507.41 0.46 Low Ca 
582 17.343 3.21 23.68 736.83 991.85 27.40 High Al/Ca 
628 18.412 3.11 23.35 785.8 698.0 18.54 High Al/Ca 
628 18.412 3.11 23.32 797.7 704.8 19.62 High Al/Ca 
680 19.307 3.25 23.80 298.3 728.8 38.80 High Al/Ca 
700 19.600 3.46 24.51 232.5 673.3 18.34 High Al/Ca 
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Table D.4 (cont.) 
Depth (cm)+ Age (ka) Mg/Ca (mmol/mol)  SST (°C)
#    Al/Ca (µmol/mol)  
  Mn/Ca 
(µmol/mol) Ca (ppm) Comments 
704 19.753 3.43 24.42 206.9 694.6 24.06 High Al/Ca 
707 19.866 3.16 23.49 208.3 595.3 21.25 High Al/Ca 
707 19.866 3.15 23.47 221.8 601.0 23.01 High Al/Ca 
709 19.941 3.07 23.17 388.1 596.9 21.32 High Al/Ca 
710 19.979 2.98 22.85 232.1 705.4 14.78 High Al/Ca 
714 20.127 3.16 23.52 209.7 728.1 22.74 High Al/Ca 
715 20.164 3.09 23.25 218.1 631.6 20.76 High Al/Ca 
729 20.622 7.12 32.53 203.1 579.8 25.85 High Al/Ca 
749 21.128 3.21 23.67 651.6 579.9 35.19 High Al/Ca 
752 21.204 3.31 24.02 258.0 640.1 22.82 High Al/Ca 
765 21.538 2.55 21.14 201.6 943.9 16.53 High Al/Ca 
775 21.798 3.13 23.40 260.3 821.6 17.24 High Al/Ca 
785 21.975 6.19 30.98 1367.3 1409.8 49.99 High Al/Ca 
786 21.993 3.08 23.21 250.9 1070.8 19.71 High Al/Ca 
806 22.363 5.44 29.53 22.3 732.5 18.78 Outlier 
817 22.577 3.01 22.96 380.9 951.4 31.50 High Al/Ca 
822 22.676 3.12 23.36 212.8 639.0 22.76 High Al/Ca 
828 22.784 3.48 24.57 6165.7 586.2 11.39 High Al/Ca 
836 22.913 3.49 24.60 434.2 641.4 36.34 High Al/Ca 
837 22.929 3.46 24.50 306.8 540.9 29.43 High Al/Ca 
841 22.994 3.92 25.89 544.5 486.3 46.23 High Al/Ca 
842 23.010 3.71 25.28 517.7 592.9 24.31 High Al/Ca 
852 23.170 3.67 25.18 390.0 461.1 27.42 High Al/Ca 
861 23.301 3.74 25.36 824.3 428.4 45.01 High Al/Ca 
882 23.642 2.47 20.78 165.2 475.3 12.34 High Al/Ca 
+ Unless otherwise stated, sample resolution is 0.5 cm to 1 cm from 0-466 and 466-908 cm core depth, respectively. 
* Replicated samples with replicate mean and standard deviation (1σ) reported. Individual replicate measurements are included at end of table. 
# Mg/Ca ratios are calibrated to SST using the G. ruber (pink) fixed exponential equation: Mg/Ca=0.381(0.09*SST) from Anand et al. (2003). 
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Table D.5 Trace metal ratios (Ba/Ca, Mg/Ca, Al/Ca, and Mn/Ca), calibrated SST, and Ba/Casw 
based on G. ruber (white) foraminifers from Orca Basin core MD02-2550, prepared using the 
reductive cleaning technique with hydrazine. 
 
Depth 
(cm) 
Age 
(ka) 
Ba/Caforam 
(µmol/mol) 
Ba/Casw 
(µmol/mol)w 
Mg/Ca 
(mmol/mol) 
 SST 
(°C)#  
  Al/Ca 
(µmol/mol)  
  Mn/Ca 
(µmol/mol) 
Ca 
(ppm) Comments 
200.5 7.493 1.56 10.39 5.42  27.68  3.8 35.0 20.77 
 214 8.013 0.96 6.39 4.45  25.50  2.9 58.0 28.42 
 227.5* 8.427 1.04 6.93 5.20  27.22  2.29 63.51 36.32 
 239.5 8.708 1.12 7.45 4.73  26.17  14.7 72.9 28.02 
 255.5 9.081 1.13 7.51 4.40  25.37  2.9 74.6 27.08 
 270.5 9.496 0.93 6.21 4.04  24.41  3.1 261.0 26.47 
 280.5 9.818 1.13 7.52 4.20  24.83  2.6 233.9 32.05 
 290.5 10.150 1.06 7.08 3.85  23.89  7.4 268.4 35.34 
 314.5 10.855 0.96 6.43 3.44  22.61  9.4 379.5 8.39 
 469 14.710 2.89 19.28 3.23  21.91  11.7 98.3 36.07 
 479 14.938 2.78 18.52 3.27  22.05  11.1 87.7 23.70 
 489 15.142 1.84 12.28 3.25  21.98  9.9 119.4 26.59 
 504 15.480 2.31 15.43 3.58  23.05  2.5 95.1 31.33 
 510 15.661 2.83 18.85 3.82  23.80  3.4 101.4 23.35 
 520 15.941 3.30 22.00 3.91  24.05  3.8 99.1 20.54 
 554 16.685 2.52 16.77 3.09  21.43  15.1 218.2 34.12 
 628* 18.412 1.38 9.20 2.40  18.62  4.03 255.82 20.09 
 638* 18.586 1.33 8.87 2.46  18.90  6.51 181.61 24.51 
 649* 18.777 1.61 10.73 2.56  19.34  7.84 260.59 26.86 
 660* 18.968 2.13 14.20 2.42  18.72  4.82 338.08 16.98 
 680 19.307 1.69 11.29 2.42  18.74  97.2 370.7 23.67 
 693 19.502 2.31 15.38 2.52  19.16  3.3 424.2 24.32 
 705 19.790 2.37 15.77 2.58  19.42  16.3 357.4 16.29 
 710 19.979 2.14 14.26 3.08  21.40  16.0 410.6 16.57 
 720 20.347 1.61 10.73 2.43  18.77  7.2 261.2 11.01 
 731 20.671 1.85 12.36 2.72  20.03  5.2 277.0 15.26 
 740 20.898 2.37 15.77 2.45  18.88  4.1 391.8 19.53 
 749 21.128 2.17 14.45 2.70  19.95  3.6 297.9 22.04 
 760 21.409 2.30 15.34 2.41  18.67  5.5 371.2 14.28 
 772 21.717 3.40 22.64 2.44  18.80  3.6 535.1 22.01 
 779 21.867 2.95 19.70 2.63  19.64  2.9 568.6 27.37 
 807 22.382 2.63 17.54 2.33  18.32  2.9 463.0 27.85 
 820 22.636 2.55 16.99 2.36  18.45  2.3 311.4 35.15 
 846 23.075 2.11 14.10 2.85  20.55  9.1 241.8 28.92 
 853 23.184 2.01 13.37 2.53  19.22  2.1 214.7 38.51 
 859 23.271 1.86 12.40 2.20  17.66  6.5 171.2 12.23 
 881 23.624 1.85 12.36 2.28  18.05  4.7 223.4 17.05 
 Replicate measurements 
227.5 8.427 0.97 6.47 5.11  27.02  2.7 59.7 30.66  227.5 8.427 1.10 7.33 5.29  27.41  1.9 78.7 41.98 
 628 18.412 1.38 9.20 2.44  18.81  4.6 294.2 17.35 
 628 18.412 1.37 9.13 2.36  18.44  3.5 263.1 22.82 
 638 18.586 1.15 7.67 2.41  18.67  4.2 180.0 18.93 
 638 18.586 1.51 10.07 2.51  19.12  8.8 215.6 30.09 
 649 18.777 1.56 10.40 2.57  19.38  2.7 290.6 29.82 
 649 18.777 1.66 11.07 2.55  19.30  13.0 277.0 23.89 
 660 18.968 2.07 13.80 2.38  18.53  4.0 343.2 19.71 
 660 18.968 2.19 14.60 2.45  18.85  5.6 393.3 14.24 
 Omitted data 
784 21.957 3.27 21.78 2.36  18.43  335.7 594.0 17.10 
 820 22.636 2.46 16.38 2.67  19.81  1099.5 296.6 26.12 High Al/Ca 
833 22.864 2.59 17.30 2.50  19.09  697.9 236.5 17.05 High Al/Ca 
+ Unless otherwise stated, sample resolution is 0.5 cm to 1 cm from 0-466 and 466-908 cm core depth, respectively. 
* Replicated samples with replicate mean and standard deviation (1σ) reported. 
wBa/Casw is calculated using a distribution coefficient (DBa) of 0.15, empirically derived by Honisch et al. (2011) 
# Mg/Ca ratios are calibrated to SST using the G. ruber (white) fixed exponential equation: Mg/Ca=0.449(0.09*SST) from Anand et al. (2003). 
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Table D.6 Trace metal ratios (Ba/Ca, Mg/Ca, Al/Ca, and Mn/Ca), calibrated SST, and Ba/Casw 
based on G. ruber (pink) foraminifers from Orca Basin core MD02-2550, prepared using the 
reductive cleaning technique with hydrazine. 
 
Depth 
(cm) Age (ka) 
Ba/Caforam 
(µmol/mol) 
Ba/Casw 
(µmol/mol)w 
Mg/Ca 
(mmol/mol) 
 SST 
(°C)#  
  Al/Ca 
(µmol/mol)  
  Mn/Ca 
(µmol/mol) 
Ca 
(ppm) Comments 
15 0.873 0.97 6.47 4.25 26.80 8.79 6.93 44.62 
 30 1.075 1.07 7.13 4.32 26.98 1.31 8.61 34.59 
 45 1.256 0.86 5.73 4.26 26.82 1.09 6.79 41.74 
 46 1.266 0.90 6.00 4.12 26.45 1.14 8.17 39.89 
 58.5 1.386 0.96 6.40 4.28 26.88 7.48 46.29 52.32 
 74.5 1.578 0.89 5.93 4.46 27.33 1.29 12.94 35.28 
 89.5 1.792 0.96 6.40 4.23 26.75 18.85 8.57 28.91 
 90 1.800 0.94 6.27 4.75 28.03 1.55 9.26 31.23 
 100 1.960 0.81 5.40 4.26 26.82 13.81 7.69 28.49 
 114 2.136 0.85 5.67 4.35 27.06 8.30 15.99 47.40 
 129.5* 2.307 1.00 6.66 4.40 27.20 4.731 13.014 43.13 
 146* 2.481 0.92 6.15 4.54 27.53 5.305 12.392 41.24 
 200 7.470 1.12 7.47 4.33 27.01 6.78 71.51 58.05 
 214* 8.013 1.14 7.60 4.33 27.00 1.801 87.872 37.64 
 227.5 8.427 1.68 11.20 4.14 26.51 1.21 91.33 38.69 
 240 8.719 1.08 7.20 4.05 26.26 8.02 84.57 49.29 
 255.5* 9.081 1.35 8.98 4.31 26.96 54.340 82.468 42.14 
 270.5 9.496 1.14 7.60 4.01 26.15 0.93 370.87 49.28 
 280 9.802 1.85 12.33 4.30 26.93 9.96 273.83 40.41 
 290.5 10.150 1.25 8.33 4.30 26.93 11.29 343.37 35.16 
 311 10.763 1.49 9.93 3.86 25.73 1.49 287.95 30.74 
 322 11.045 1.24 8.27 4.11 26.43 14.30 418.08 27.54 
 328.5 11.199 1.24 8.27 3.72 25.32 73.43 355.74 18.11 
 336 11.497 1.36 9.07 3.78 25.50 1.77 371.86 26.60 
 340.5 11.669 1.59 10.60 3.67 25.17 1.81 468.76 26.12 
 343.5 11.781 1.17 7.80 3.32 24.05 5.54 523.31 14.56 
 345.5 11.865 1.36 9.07 3.74 25.38 11.78 510.65 26.72 
 348.5 11.988 1.60 10.67 3.82 25.61 1.20 453.32 38.21 
 351.5 12.080 1.45 9.67 3.78 25.50 18.39 486.35 21.65 
 353 12.128 1.60 10.67 3.96 26.01 2.41 631.83 33.47 
 355 12.193 3.39 22.60 3.78 25.50 2.30 643.26 20.21 
 358.5 12.292 1.54 10.27 4.01 26.15 1.02 567.05 44.93 
 359 12.304 1.52 10.13 3.64 25.08 1.89 443.79 24.16 
 368.5 12.514 1.66 11.07 3.38 24.25 1.66 637.52 27.86 
 370 12.541 1.71 11.40 3.21 23.68 12.67 564.37 31.23 
 372.5 12.587 1.66 11.07 3.62 25.02 1.58 658.36 29.83 
 375.5 12.643 1.46 9.73 3.41 24.35 11.31 574.40 35.41 
 380.5 12.747 1.61 10.73 3.46 24.51 14.69 504.49 27.03 
 390.5 13.060 1.94 12.93 3.73 25.35 20.21 169.31 31.92 
 394.5 13.206 1.98 13.20 4.10 26.40 10.70 155.25 37.20 
 400 13.370 1.91 12.73 3.73 25.35 1.37 108.51 34.62 
 412 13.721 2.24 14.93 3.76 25.44 11.66 93.29 33.74 
 412.5 13.739 1.79 11.93 3.48 24.58 2.32 102.20 35.05 
 416 13.861 1.90 12.67 3.41 24.35 3.17 125.83 25.68 
 417 13.893 1.88 12.53 3.84 25.67 2.42 115.57 33.64 
 419.5 13.962 2.36 15.73 3.69 25.23 15.74 130.87 39.36 
 422 14.011 2.23 14.87 3.57 24.86 10.88 157.54 36.77 
 426 14.089 2.74 18.27 3.55 24.80 12.84 171.60 31.18 
 434 14.318 3.80 25.33 3.88 25.79 1.58 257.59 30.61 
 457.5 14.447 2.93 19.53 3.78 25.50 1.44 119.26 31.99 
 463 14.573 2.00 13.33 3.78 25.50 9.83 160.29 40.65 
 466 14.642 3.06 20.40 3.91 25.87 13.56 199.11 28.94 
 468 14.688 4.24 28.27 3.70 25.26 4.41 96.53 18.32 
 470 14.733 3.63 24.20 3.73 25.35 1.00 119.96 46.15 
 473* 14.802 3.33 22.19 3.94 25.96 3.125 125.835 21.19 
 474* 14.824 4.22 28.16 3.88 25.80 1.479 119.321 55.80 
 476 14.870 3.95 26.33 3.83 25.64 9.54 159.40 41.86 
 479* 14.938 4.22 28.15 3.75 25.42 6.737 105.432 36.27 
 485 15.074 4.48 29.87 3.93 25.93 1.61 111.62 29.61 
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Table D.6 (cont.) 
Depth 
(cm) Age (ka) 
Ba/Caforam 
(µmol/mol) 
Ba/Casw 
(µmol/mol)w 
Mg/Ca 
(mmol/mol) 
 SST 
(°C)#  
  Al/Ca 
(µmol/mol)  
  Mn/Ca 
(µmol/mol) 
Ca 
(ppm) Comments 
488 15.125 3.60 24.00 3.86 25.73 11.03 123.19 35.63 
 490* 15.159 3.96 26.42 3.87 25.76 2.262 145.501 29.02 
 493* 15.210 4.24 28.29 3.83 25.65 24.529 110.629 29.33 
 496* 15.269 3.91 26.06 3.63 25.05 1.742 101.606 36.40 
 498 15.320 4.02 26.80 3.73 25.35 2.14 140.98 38.03 
 500* 15.373 4.21 28.07 3.71 25.30 3.916 105.483 35.87 
 503 15.453 3.58 23.87 3.52 24.70 14.42 105.77 35.66 
 510 15.661 2.76 18.40 3.83 25.64 1.68 126.65 28.34 
 513 15.753 3.07 20.47 3.53 24.74 1.64 133.21 28.25 
 518 15.890 4.29 28.60 4.13 26.48 46.06 163.04 34.58 
 524 16.043 2.84 18.93 3.89 25.82 1.81 148.10 26.85 
 527 16.105 3.42 22.80 3.61 24.99 14.04 149.06 28.02 
 530 16.160 3.37 22.47 3.90 25.84 18.66 169.24 42.24 
 533 16.216 3.73 24.87 3.66 25.14 1.50 175.59 32.15 
 536 16.277 3.64 24.27 3.81 25.58 11.47 210.04 34.52 
 538 16.326 3.59 23.93 3.70 25.26 10.79 218.64 37.29 
 541 16.402 2.97 19.80 3.85 25.70 2.38 191.98 19.66 
 550 16.604 3.78 25.20 3.25 23.82 17.82 211.97 21.95 
 571 17.068 3.37 22.47 2.96 22.78 19.21 708.75 20.31 
 581 17.317 2.77 18.47 2.69 21.72 21.65 730.17 18.03 
 583 17.369 2.96 19.73 2.34 20.17 42.11 742.81 9.32 
 592 17.600 3.15 21.00 3.29 23.95 12.98 467.26 30.28 
 600 17.815 3.20 21.33 2.82 22.24 24.11 515.24 16.23 
 611 18.104 2.07 13.80 2.73 21.88 28.87 388.88 13.53 
 613 18.147 2.70 18.00 3.10 23.29 20.60 748.28 19.06 
 617 18.222 2.86 19.07 2.89 22.51 11.37 541.88 34.43 
 620 18.274 2.75 18.33 2.84 22.32 1.48 631.88 33.00 
 625 18.360 2.98 19.87 3.26 23.85 7.39 611.01 53.61 
 638* 18.586 3.12 20.79 3.00 22.93 4.904 452.638 27.68 
 650* 18.795 3.36 22.43 3.09 23.27 2.247 455.902 36.47 
 654 18.864 3.76 25.07 2.85 22.36 12.53 458.76 31.39 
 663 19.020 2.77 18.47 2.75 21.96 11.44 410.73 35.21 
 678 19.275 3.70 24.67 3.14 23.44 2.64 523.05 30.91 
 690 19.458 3.40 22.67 2.83 22.28 11.64 522.64 33.97 
 705* 19.790 4.17 27.83 3.03 23.05 2.052 471.358 31.21 
 710* 19.979 3.29 21.94 2.76 21.99 4.519 401.843 21.42 
 720 20.347 2.90 19.33 2.69 21.72 1.51 299.63 30.88 
 735 20.771 3.85 25.67 2.85 22.36 14.05 363.18 28.94 
 740 20.898 3.76 25.07 3.01 22.97 3.31 547.91 24.76 
 750 21.153 4.74 31.60 2.87 22.44 1.66 494.76 28.21 
 755 21.281 4.12 27.47 2.92 22.63 9.72 449.83 41.59 
 760* 21.409 3.41 22.73 2.98 22.87 3.033 361.683 27.18 
 784 21.957 6.07 40.47 2.89 22.51 2.34 679.04 34.86 
 807* 22.382 4.26 28.42 3.03 23.05 2.869 457.617 29.65 
 815 22.538 4.41 29.40 3.22 23.71 6.33 715.50 61.80 
 820* 22.636 4.76 31.72 2.95 22.74 2.644 330.179 31.14 
 830 22.816 3.08 20.53 2.81 22.20 1.23 339.15 38.21 
 840* 22.978 2.95 19.69 3.20 23.66 5.819 345.061 30.69 
 846* 23.075 4.12 27.44 3.17 23.54 2.285 308.016 28.55 
 859* 23.271 4.29 28.60 2.99 22.90 1.769 250.544 36.55 
 871 23.446 3.74 24.93 2.90 22.55 2.78 345.32 29.64 
 878 23.570 6.02 40.13 2.49 20.86 9.55 294.27 42.26 
 892 23.822 4.09 27.27 2.74 21.92 3.52 306.52 23.34 
 905 24.058 3.53 23.53 3.46 24.51 25.05 178.96 52.13 
 Replicate measurements 
129.5 2.307 0.97 6.48 4.41 27.20 1.25 9.78 36.76 
 129.5 2.307 1.03 6.84 4.40 27.19 8.21 16.25 49.49 
 146 2.481 0.90 5.99 4.63 27.75 1.15 9.31 39.68 
 146 2.481 0.95 6.32 4.45 27.30 9.46 15.47 42.81 
 214 8.013 1.14 7.62 4.29 26.90 1.05 95.87 43.37 
 214 8.013 1.14 7.58 4.36 27.09 2.55 79.87 31.91 
 255.5 9.081 1.42 9.48 4.31 26.96 106.54 93.88 46.44 
 255.5 9.081 1.27 8.48 4.31 26.96 2.14 71.05 37.84 
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Table D.6 (cont.) 
Depth 
(cm) Age (ka) 
Ba/Caforam 
(µmol/mol) 
Ba/Casw 
(µmol/mol)w 
Mg/Ca 
(mmol/mol) 
 SST 
(°C)#  
  Al/Ca 
(µmol/mol)  
  Mn/Ca 
(µmol/mol) 
Ca 
(ppm) Comments 
473 14.802 3.63 24.22 3.85 25.71 1.97 128.03 23.45 
 473 14.802 3.02 20.15 4.03 26.20 4.28 123.64 18.93 
 474 14.824 4.18 27.84 3.82 25.60 1.27 121.53 63.67 
 474 14.824 4.27 28.47 3.95 26.00 1.69 117.11 47.93 
 479 14.938 4.66 31.06 3.72 25.33 11.31 109.77 35.07 
 479 14.938 3.79 25.24 3.79 25.51 2.16 101.09 37.48 
 490 15.159 4.05 26.98 3.73 25.35 1.46 151.07 31.65 
 490 15.159 3.88 25.85 4.01 26.15 3.06 139.93 26.39 
 493 15.210 4.15 27.69 4.00 26.13 46.31 131.58 29.15 
 493 15.210 4.33 28.89 3.66 25.14 2.75 89.68 29.51 
 496 15.269 3.94 26.25 3.66 25.13 1.30 117.96 35.66 
 496 15.269 3.88 25.88 3.60 24.97 2.18 85.25 37.13 
 500 15.373 4.26 28.40 3.77 25.47 5.61 103.97 35.11 
 500 15.373 4.16 27.74 3.65 25.12 2.22 106.99 36.63 
 638 18.586 3.36 22.43 3.04 23.09 6.10 457.79 33.36 
 638 18.586 2.87 19.15 2.96 22.77 3.70 447.49 22.01 
 650 18.795 3.42 22.81 3.00 22.95 2.44 451.64 33.43 
 650 18.795 3.31 22.04 3.18 23.58 2.06 460.17 39.50 
 705 19.790 4.66 31.09 2.99 22.90 1.52 496.21 30.74 
 705 19.790 3.68 24.56 3.07 23.19 2.58 446.51 31.68 
 710 19.979 3.17 21.15 2.69 21.70 6.31 403.05 12.94 
 710 19.979 3.41 22.73 2.83 22.26 2.73 400.63 29.90 
 760 21.409 3.34 22.28 3.01 22.96 3.24 375.34 25.42 
 760 21.409 3.48 23.17 2.96 22.77 2.83 348.02 28.94 
 807 22.382 4.22 28.14 3.08 23.21 3.40 449.00 24.18 
 807 22.382 4.30 28.70 2.99 22.88 2.34 466.24 35.12 
 840 22.978 2.94 19.58 3.22 23.72 8.81 324.69 32.60 
 840 22.978 2.97 19.80 3.18 23.59 2.83 365.44 28.77 
 846 23.075 4.32 28.78 3.17 23.52 1.57 327.19 29.83 
 846 23.075 3.91 26.09 3.17 23.55 3.00 288.84 27.26 
 859 23.271 4.41 29.41 2.93 22.65 1.78 261.68 26.37 
 859 23.271 4.17 27.80 3.06 23.14 1.76 239.40 46.73 
 Omitted data 
481 14.983 6.21 41.40 3.37 24.22 14.18 79.32 3.25 Low Ca 
563 16.883 2.75 18.33 3.33 24.09 200.82 519.58 29.08 High Al/Ca 
796 22.178 3.14 20.93 4.93 28.45 115.01 335.05 2.38 Low Ca 
+ Unless otherwise stated, sample resolution is 0.5 cm to 1 cm from 0-466 and 466-908 cm core depth, respectively. 
* Replicated samples with replicate mean and standard deviation (1σ) reported. Individual replicate measurements are included at end of table. 
wBa/Casw is calculated using a distribution coefficient (DBa) of 0.15, empirically derived by Honisch et al. (2011): DBa =(Ba/Caforam)/(Ba/Casw). 
# Mg/Ca ratios are calibrated to SST using the G. ruber (pink) fixed exponential equation: Mg/Ca=0.381(0.09*SST) from Anand et al. (2003). 
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Table D.7 G. ruber (white) δ18O, SST, and sea-level data used to reconstruct δ18Oivc-sw and 
salinity. 
 
Depth 
(cm) 
Age 
(ka) 
δ18O 
(‰ PDB) 
SST 
(°C) 
δ18Osw  
(‰ SMOW) 
Sea-level 
(m)$ 
Sea-level δ18O 
(‰ SMOW)^ 
δ18Oivc-sw 
(‰ SMOW) 
Salinity 
(psu) 
200.5*# 7.493 -1.78  27.68  1.15 -9.78 0.08 1.07 35.59 
214*# 8.013 -1.71  25.50  0.77 -13.81 0.11 0.65 35.11 
227.5*# 8.427 -2.6  27.22  0.24 -17.89 0.15 0.09 34.46 
239.5*# 8.708 -1.57  26.17  1.05 -20.98 0.17 0.87 35.36 
255.5*# 9.081 -1.39  25.37  1.06 -25.54 0.21 0.85 35.34 
270.5*# 9.496 -1.04  24.41  1.21 -31.27 0.26 0.95 35.45 
280.5*# 9.818 -1.19  24.83  1.15 -35.87 0.30 0.85 35.34 
290.5*# 10.150 -1.01  23.89  1.13 -40.49 0.34 0.80 35.28 
312 10.789 -1.25  23.82  0.88 -49.12 0.41 0.47 34.90 
312.5 10.802 -0.95  23.79  1.17 -49.29 0.41 0.76 35.23 
313 10.815 -0.91  24.38  1.33 -49.46 0.41 0.92 35.42 
314 10.842 -1.02  23.67  1.08 -49.81 0.41 0.66 35.12 
315 10.868 -1.03  23.49  1.03 -50.14 0.42 0.62 35.07 
316 10.894 -1.16  22.03  0.60 -50.47 0.42 0.18 34.57 
317 10.920 -1.55  24.08  0.63 -50.80 0.42 0.21 34.61 
317.5 10.932 -1.39  24.05  0.79 -50.97 0.42 0.36 34.78 
318 10.947 -1.29  23.82  0.84 -51.14 0.42 0.41 34.84 
318.5 10.960 -1.42  23.70  0.68 -51.32 0.43 0.26 34.66 
319 10.972 -1.49  24.82  0.85 -51.47 0.43 0.42 34.85 
319.5 10.984 -1.27  24.52  1.00 -51.62 0.43 0.58 35.02 
320 10.996 -1.25  24.36  0.99 -51.77 0.43 0.56 35.01 
321.5 11.032 -0.77  23.70  1.33 -52.22 0.43 0.90 35.39 
322.5 11.057 -1.31  24.08  0.88 -52.54 0.44 0.44 34.87 
323 11.069 -0.89  23.79  1.23 -52.69 0.44 0.80 35.28 
323.5 11.082 -1.14  24.49  1.12 -52.84 0.44 0.69 35.15 
324 11.094 -0.95  26.69  1.78 -52.99 0.44 1.34 35.89 
325.5 11.131 -1.07  25.23  1.35 -53.46 0.44 0.91 35.40 
329.5 11.221 -1.08  23.40  0.96 -54.56 0.45 0.51 34.95 
330.5 11.259 -1.20  23.31  0.82 -54.99 0.46 0.36 34.78 
331 11.278 -0.95  23.13  1.04 -55.22 0.46 0.58 35.03 
333 11.365 -0.73  24.82  1.60 -56.24 0.47 1.13 35.66 
336 11.497 -1.57  23.34  0.46 -57.72 0.48 -0.02 34.34 
336.5 11.518 -1.27  24.52  1.01 -57.97 0.48 0.53 34.97 
337 11.540 -1.28  24.47  0.98 -58.22 0.48 0.50 34.93 
337.5 11.565 -0.91  22.94  1.04 -58.47 0.49 0.55 35.00 
338 11.584 -1.23  22.13  0.54 -58.68 0.49 0.06 34.43 
338.5 11.601 -1.41  23.34  0.62 -58.87 0.49 0.13 34.51 
340.5 11.669 -0.79  22.33  1.03 -59.58 0.49 0.54 34.98 
341 11.685 -1.01  22.56  0.85 -59.76 0.50 0.36 34.77 
342 11.719 -0.02  21.25  1.58 -60.13 0.50 1.08 35.60 
343.5 11.781 -0.28  21.86  1.44 -60.79 0.50 0.94 35.44 
345.5 11.865 -0.44  23.46  1.61 -61.69 0.51 1.10 35.63 
346 11.887 -0.29  21.96  1.45 -61.91 0.51 0.94 35.44 
346.5 11.908 -0.37  21.58  1.29 -62.12 0.52 0.78 35.25 
347 11.928 0.14  22.33  1.96 -62.32 0.52 1.44 36.01 
349 12.003 -0.25  22.30  1.56 -63.10 0.52 1.04 35.55 
349.5 12.018 -0.19  22.03  1.56 -63.26 0.53 1.04 35.55 
351 12.064 -0.25  23.31  1.78 -63.73 0.53 1.25 35.79 
351.5 12.080 -0.28  21.79  1.42 -63.90 0.53 0.89 35.39 
353 12.128 -0.11  22.10  1.66 -64.40 0.53 1.12 35.65 
353.5 12.145 -0.24  22.49  1.61 -64.57 0.54 1.07 35.59 
354 12.161 -0.51  22.75  1.39 -64.73 0.54 0.86 35.35 
355 12.193 -0.14  21.50  1.50 -65.06 0.54 0.96 35.47 
356 12.225 -0.18  21.14  1.39 -65.40 0.54 0.85 35.34 
357 12.257 -0.23  21.40  1.39 -65.73 0.55 0.85 35.34 
358.5 12.292 -0.05  23.67  2.05 -66.10 0.55 1.50 36.08 
359.5 12.315 -0.07  22.20  1.72 -66.35 0.55 1.17 35.71 
368 12.505 -0.81  22.56  1.05 -68.32 0.57 0.49 34.92 
372 12.578 -0.82  22.75  1.09 -69.09 0.57 0.51 34.95 
380 12.735 -1.20  23.52  0.87 -70.82 0.59 0.28 34.69 
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Table D.7 (cont.) 
Depth 
(cm) 
Age 
(ka) 
δ18O 
(‰ PDB) 
SST 
(°C) 
δ18Osw  
(‰ SMOW) 
Sea-level 
(m)$ 
Sea-level δ18O 
(‰ SMOW)^ 
δ18Oivc-sw 
(‰ SMOW) 
Salinity 
(psu) 
380.5 12.747 -1.15  21.40  0.47 -70.95 0.59 -0.12 34.23 
385 12.856 -1.60  24.33  0.64 -72.16 0.60 0.04 34.41 
385.5 12.867 -2.00  23.76  0.12 -72.28 0.60 -0.48 33.81 
392 13.112 -1.87  24.22  0.34 -75.12 0.62 -0.28 34.04 
393 13.148 -2.90  24.13  -0.71 -75.54 0.63 -1.34 32.83 
394 13.185 -2.73  22.72  -0.83 -75.99 0.63 -1.46 32.69 
396.5 13.275 -2.33  21.99  -0.58 -77.07 0.64 -1.22 32.97 
397 13.291 -2.29  23.58  -0.21 -77.27 0.64 -0.85 33.39 
397.5 13.308 -2.82  24.38  -0.57 -77.46 0.64 -1.22 32.97 
398 13.321 -2.66  24.41  -0.41 -77.62 0.64 -1.05 33.16 
398.5 13.333 -2.34  23.37  -0.31 -77.77 0.65 -0.95 33.27 
399 13.345 -3.16  23.01  -1.20 -77.92 0.65 -1.85 32.25 
399.5 13.357 -3.49  22.78  -1.58 -78.07 0.65 -2.23 31.81 
400 13.370 -3.41  23.31  -1.39 -78.22 0.65 -2.04 32.03 
401 13.396 -3.64  20.84  -2.13 -78.54 0.65 -2.79 31.17 
401 13.396 -4.05  20.84  -2.54 -78.54 0.65 -3.19 30.71 
401.5 13.409 -3.78  23.99  -1.62 -78.69 0.65 -2.27 31.76 
403.5 13.461 -3.25  23.49  -1.19 -79.32 0.66 -1.85 32.25 
410 13.652 -4.25  22.16  -2.46 -81.66 0.68 -3.14 30.76 
412 13.721 -1.65  22.91  0.28 -82.51 0.68 -0.40 33.91 
412 13.721 -2.93  22.91  -0.99 -82.51 0.68 -1.68 32.44 
413 13.757 -2.67  24.08  -0.48 -82.95 0.69 -1.17 33.02 
420 13.972 -2.33  24.66  -0.03 -85.54 0.71 -0.74 33.52 
421.5 14.001 -2.95  24.19  -0.74 -85.88 0.71 -1.46 32.69 
422 14.011 -2.87  25.05  -0.49 -86.00 0.71 -1.20 32.99 
423 14.031 -1.94  24.38  0.31 -86.23 0.72 -0.41 33.90 
423 14.031 -2.73  24.38  -0.48 -86.23 0.72 -1.20 32.99 
424 14.050 -2.77  23.70  -0.67 -86.45 0.72 -1.39 32.78 
425 14.070 -2.26  23.67  -0.16 -86.66 0.72 -0.88 33.36 
425.5 14.080 -2.34  23.61  -0.25 -86.76 0.72 -0.97 33.25 
426.5 14.099 -2.62  25.36  -0.17 -86.95 0.72 -0.89 33.34 
427.5 14.118 -3.17  24.76  -0.85 -87.17 0.72 -1.57 32.56 
430 14.192 -2.42  24.33  -0.19 -87.93 0.73 -0.92 33.31 
455.5 14.412 -1.86  22.97  0.09 -90.09 0.75 -0.66 33.61 
456 14.412 -1.78  22.65  0.10 -90.09 0.75 -0.64 33.63 
456.5 14.425 -1.58  21.99  0.17 -90.73 0.75 -0.59 33.69 
458 14.459 -2.70  22.03  -0.95 -91.04 0.76 -1.70 32.41 
458.5 14.470 -1.90  22.23  -0.10 -91.09 0.76 -0.86 33.38 
459 14.482 -2.44  22.91  -0.50 -91.13 0.76 -1.25 32.93 
459.5 14.493 -1.36  23.34  0.67 -91.18 0.76 -0.09 34.26 
460 14.505 -1.16  21.32  0.45 -91.23 0.76 -0.31 34.01 
460.5 14.516 -1.57  22.20  0.22 -91.28 0.76 -0.53 33.75 
461 14.528 -1.42  22.43  0.42 -91.32 0.76 -0.34 33.98 
461.5 14.539 -1.30  21.68  0.39 -91.37 0.76 -0.37 33.94 
462 14.551 -1.60  22.03  0.16 -91.42 0.76 -0.60 33.67 
462.5 14.562 -1.45  21.72  0.24 -91.46 0.76 -0.52 33.77 
463 14.573 -0.56  22.13  1.22 -91.51 0.76 0.46 34.89 
464.5 14.608 -1.63  22.26  0.17 -91.65 0.76 -0.59 33.69 
466 14.642 -1.58  21.96  0.16 -91.79 0.76 -0.60 33.68 
467 14.665 -1.84  21.96  -0.10 -91.89 0.76 -0.86 33.38 
468 14.688 -1.60  21.50  0.05 -91.98 0.76 -0.72 33.54 
469 14.710 -1.44  21.68  0.25 -92.07 0.76 -0.52 33.77 
469* 14.710 -1.44  21.91  0.30 -92.07 0.76 -0.47 33.83 
470 14.733 -0.98  21.25  0.61 -92.17 0.76 -0.15 34.19 
471 14.756 -1.45  21.79  0.26 -92.26 0.77 -0.51 33.78 
472 14.779 -1.59  21.29  0.01 -92.47 0.77 -0.76 33.49 
473 14.802 -1.64  22.49  0.22 -93.17 0.77 -0.56 33.73 
474 14.824 -1.85  23.01  0.11 -93.35 0.77 -0.67 33.60 
475 14.847 -1.50  22.13  0.28 -93.53 0.78 -0.50 33.79 
476 14.870 -1.19  21.36  0.42 -93.69 0.78 -0.35 33.96 
477 14.892 -1.28  21.40  0.35 -93.85 0.78 -0.43 33.87 
478 14.915 -2.07  22.13  -0.29 -94.02 0.78 -1.07 33.14 
479 14.938 -0.68  21.72  1.01 -94.18 0.78 0.22 34.62 
 177 
Table D.7 (cont.) 
Depth 
(cm) 
Age 
(ka) 
δ18O 
(‰ PDB) 
SST 
(°C) 
δ18Osw  
(‰ SMOW) 
Sea-level 
(m)$ 
Sea-level δ18O 
(‰ SMOW)^ 
δ18Oivc-sw 
(‰ SMOW) 
Salinity 
(psu) 
479* 14.938 -0.68  22.05  1.08 -94.18 0.78 0.29 34.70 
480 14.960 -1.90  21.14  -0.33 -94.35 0.78 -1.11 33.09 
481 14.983 -2.09  21.36  -0.47 -94.53 0.78 -1.26 32.92 
482 15.005 -2.52  22.26  -0.71 -94.70 0.79 -1.50 32.65 
483 15.028 -1.75  22.94  0.19 -94.86 0.79 -0.59 33.68 
484 15.050 -2.18  22.33  -0.37 -95.03 0.79 -1.15 33.04 
485 15.074 -1.87  23.16  0.13 -95.21 0.79 -0.67 33.60 
486 15.091 -1.40  22.10  0.37 -95.34 0.79 -0.42 33.88 
488 15.125 -0.21  22.23  1.59 -95.61 0.79 0.79 35.27 
490 15.159 -1.01  22.23  0.79 -95.87 0.80 -0.01 34.35 
492 15.193 -0.86  21.68  0.83 -96.12 0.80 0.03 34.40 
493 15.210 -1.73  22.10  0.04 -96.25 0.80 -0.76 33.49 
494 15.226 -1.19  21.32  0.42 -96.37 0.80 -0.38 33.93 
495 15.244 -1.06  22.23  0.74 -96.51 0.80 -0.06 34.29 
496 15.269 -1.15  22.03  0.61 -96.70 0.80 -0.20 34.14 
497 15.294 -0.72  21.50  0.93 -96.87 0.80 0.13 34.51 
498 15.320 -0.02  21.96  1.72 -97.07 0.81 0.92 35.42 
499 15.346 0.14  21.92  1.87 -97.26 0.81 1.06 35.58 
501 15.400 0.02  21.99  1.77 -97.63 0.81 0.96 35.46 
503 15.453 -0.91  22.26  0.90 -98.00 0.81 0.08 34.46 
505 15.508 0.11  21.14  1.68 -98.37 0.82 0.86 35.35 
506 15.539 -0.17  22.33  1.64 -98.58 0.82 0.83 35.31 
510 15.661 0.03  21.32  1.64 -99.40 0.83 0.81 35.29 
510* 15.661 0.03  23.80  2.15 -99.40 0.83 1.33 35.89 
511 15.692 -2.21  23.25  -0.20 -99.61 0.83 -1.03 33.18 
512 15.722 -0.28  21.50  1.37 -99.81 0.83 0.54 34.98 
513 15.753 -0.23  22.10  1.54 -100.02 0.83 0.71 35.18 
514 15.782 0.19  22.20  1.98 -100.22 0.83 1.15 35.68 
518 15.890 0.12  21.07  1.68 -100.92 0.84 0.84 35.33 
519 15.916 0.20  21.89  1.92 -101.09 0.84 1.08 35.60 
520 15.941 -1.43  23.61  0.66 -101.25 0.84 -0.18 34.15 
520* 15.941 -1.43  24.05  0.75 -101.25 0.84 -0.09 34.26 
521 15.967 -1.64  22.78  0.27 -101.42 0.84 -0.57 33.71 
522 15.993 -1.02  22.36  0.80 -101.58 0.84 -0.04 34.32 
523 16.018 -0.77  21.54  0.89 -101.74 0.84 0.04 34.41 
524 16.043 -2.08  23.04  -0.11 -101.90 0.85 -0.96 33.27 
525 16.069 -1.02  23.04  0.94 -102.06 0.85 0.10 34.47 
526 16.087 -1.54  23.43  0.51 -102.18 0.85 -0.34 33.97 
527 16.105 -1.11  21.89  0.61 -102.29 0.85 -0.23 34.10 
529 16.142 -0.53  23.64  1.56 -102.53 0.85 0.71 35.17 
530 16.160 -1.04  22.59  0.84 -102.64 0.85 -0.01 34.35 
533 16.216 -1.43  22.30  0.38 -102.97 0.85 -0.48 33.82 
534 16.234 -1.33  25.10  1.06 -103.08 0.86 0.21 34.60 
536 16.277 -1.15  23.31  0.88 -103.33 0.86 0.02 34.39 
537 16.301 -1.54  23.43  0.51 -103.46 0.86 -0.35 33.96 
538 16.326 -1.31  21.10  0.25 -103.60 0.86 -0.61 33.67 
539 16.351 -1.00  21.92  0.73 -103.74 0.86 -0.13 34.22 
541 16.402 -0.24  21.72  1.45 -104.04 0.86 0.59 35.04 
542 16.428 -1.66  22.10  0.11 -104.19 0.86 -0.76 33.50 
545 16.504 -1.98  22.16  -0.20 -104.59 0.87 -1.07 33.14 
546 16.525 -2.22  22.49  -0.37 -104.71 0.87 -1.24 32.95 
550 16.604 -1.89  22.03  -0.13 -105.11 0.87 -1.00 33.22 
552 16.645 -1.24  22.13  0.54 -105.32 0.87 -0.34 33.98 
552 16.645 -1.23  22.13  0.55 -105.32 0.87 -0.32 33.99 
553 16.664 -0.99  21.54  0.66 -105.42 0.87 -0.22 34.12 
553 16.664 -0.81  21.54  0.84 -105.42 0.87 -0.04 34.32 
554 16.685 -0.80  21.36  0.82 -105.52 0.88 -0.06 34.30 
554* 16.685 -0.80  21.43  0.83 -105.52 0.88 -0.04 34.31 
555 16.708 -0.59  22.33  1.23 -105.63 0.88 0.35 34.77 
558 16.773 -0.23  20.69  1.24 -105.95 0.88 0.36 34.78 
559 16.795 0.04  21.65  1.72 -106.06 0.88 0.84 35.32 
563 16.883 -0.12  20.53  1.32 -106.47 0.88 0.44 34.87 
568 16.998 -0.18  22.26  1.62 -106.96 0.89 0.73 35.21 
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Table D.7 (cont.) 
Depth 
(cm) 
Age 
(ka) 
δ18O 
(‰ PDB) 
SST 
(°C) 
δ18Osw  
(‰ SMOW) 
Sea-level 
(m)$ 
Sea-level δ18O 
(‰ SMOW)^ 
δ18Oivc-sw 
(‰ SMOW) 
Salinity 
(psu) 
569 17.021 0.34  20.80  1.84 -107.05 0.89 0.95 35.45 
570 17.045 -0.02  20.99  1.52 -107.14 0.89 0.63 35.09 
571 17.068 0.27  19.97  1.60 -107.23 0.89 0.71 35.18 
572 17.091 0.06  19.81  1.35 -107.33 0.89 0.46 34.89 
573 17.113 -0.50  20.61  0.96 -107.43 0.89 0.07 34.45 
579 17.266 -0.07  21.29  1.53 -108.06 0.90 0.63 35.09 
580 17.291 0.47  20.34  1.87 -108.16 0.90 0.97 35.48 
581 17.317 0.08  19.73  1.36 -108.27 0.90 0.46 34.89 
582 17.343 0.20  20.65  1.67 -108.37 0.90 0.77 35.25 
582 17.343 0.15  20.65  1.62 -108.37 0.90 0.72 35.19 
583 17.369 -0.58  19.47  0.64 -108.47 0.90 -0.26 34.07 
585 17.421 0.55  19.85  1.85 -108.68 0.90 0.95 35.45 
585 17.421 0.27  19.85  1.57 -108.68 0.90 0.67 35.13 
588 17.498 0.85  20.61  2.31 -108.98 0.90 1.40 35.97 
589 17.524 0.09  19.97  1.42 -109.08 0.91 0.51 34.95 
590 17.549 0.74  21.14  2.31 -109.18 0.91 1.41 35.98 
591 17.575 0.12  19.60  1.37 -109.28 0.91 0.46 34.89 
592 17.600 0.37  21.32  1.97 -109.37 0.91 1.07 35.59 
597 17.732 1.18  19.25  2.36 -109.90 0.91 1.45 36.02 
597 17.732 0.84  19.25  2.01 -109.90 0.91 1.10 35.63 
598 17.760 0.94  17.96  1.84 -110.02 0.91 0.93 35.43 
599 17.787 0.98  18.94  2.09 -110.13 0.91 1.17 35.71 
600 17.815 1.10  17.71  1.95 -110.26 0.92 1.04 35.55 
601 17.843 1.34  17.56  2.16 -110.38 0.92 1.25 35.79 
602 17.870 0.80  18.58  1.84 -110.49 0.92 0.92 35.42 
603 17.896 1.46  18.44  2.47 -110.59 0.92 1.55 36.14 
607 18.000 1.38  19.17  2.53 -111.00 0.92 1.61 36.21 
611 18.104 1.24  18.05  2.17 -111.42 0.92 1.25 35.79 
612 18.126 1.57  18.67  2.62 -111.52 0.93 1.70 36.31 
613 18.147 0.77  18.34  1.76 -111.60 0.93 0.83 35.32 
617 18.222 0.74  17.61  1.57 -111.86 0.93 0.64 35.10 
618 18.238 0.87  19.34  2.07 -111.92 0.93 1.14 35.67 
619 18.256 0.68  18.94  1.79 -111.99 0.93 0.86 35.35 
620 18.274 0.90  18.39  1.90 -112.07 0.93 0.97 35.48 
621 18.291 0.92  19.25  2.10 -112.14 0.93 1.16 35.70 
624 18.343 0.93  18.30  1.91 -112.37 0.93 0.98 35.48 
626 18.378 0.49  18.83  1.58 -112.52 0.93 0.65 35.10 
628* 18.412 1.09  18.62  2.14 -112.66 0.94 1.20 35.74 
629 18.429 1.28  17.41  2.07 -112.73 0.94 1.13 35.66 
630 18.447 0.55  18.10  1.49 -112.81 0.94 0.55 34.99 
632 18.482 0.22  20.49  1.65 -112.94 0.94 0.71 35.18 
635 18.533 0.30  18.95  1.42 -113.14 0.94 0.48 34.91 
638* 18.586 1.09  18.90  2.19 -113.36 0.94 1.25 35.80 
641 18.638 1.09  18.19  2.04 -113.56 0.94 1.10 35.62 
643 18.673 0.86  17.19  1.61 -113.70 0.94 0.66 35.12 
647 18.743 0.53  21.11  2.10 -113.98 0.95 1.15 35.68 
649* 18.777 0.76  19.34  1.96 -114.12 0.95 1.01 35.52 
651 18.812 0.17  19.63  1.42 -114.27 0.95 0.47 34.91 
653 18.847 0.19  18.40  1.18 -114.42 0.95 0.23 34.63 
656 18.899 0.16  19.39  1.37 -114.61 0.95 0.42 34.84 
659 18.951 -0.07  19.45  1.15 -114.80 0.95 0.20 34.59 
660* 18.968 -0.03  18.72  1.03 -114.87 0.95 0.08 34.45 
662 19.003 1.02  18.41  2.02 -114.98 0.95 1.07 35.58 
663 19.020 0.48  19.23  1.65 -115.05 0.95 0.70 35.16 
665 19.055 0.25  17.15  0.98 -115.17 0.96 0.03 34.40 
673 19.191 0.45  19.82  1.75 -115.64 0.96 0.79 35.26 
680* 19.307 -0.25  18.74  0.82 -116.01 0.96 -0.14 34.20 
684 19.370 0.02  19.14  1.17 -116.21 0.96 0.21 34.60 
688 19.429 0.33  18.62  1.37 -116.40 0.97 0.41 34.83 
692 19.487 -0.22  19.89  1.09 -116.59 0.97 0.12 34.50 
693* 19.502 0.45  19.16  1.60 -116.64 0.97 0.64 35.09 
696 19.544 -0.40  20.10  0.95 -116.77 0.97 -0.02 34.34 
698 19.572 -0.25  20.04  1.09 -116.87 0.97 0.12 34.50 
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Table D.7 (cont.) 
Depth 
(cm) 
Age 
(ka) 
δ18O 
(‰ PDB) 
SST 
(°C) 
δ18Osw  
(‰ SMOW) 
Sea-level 
(m)$ 
Sea-level δ18O 
(‰ SMOW)^ 
δ18Oivc-sw 
(‰ SMOW) 
Salinity 
(psu) 
700 19.600 -0.52  20.00  0.81 -116.98 0.97 -0.16 34.18 
703 19.715 -0.15  20.31  1.25 -117.34 0.97 0.28 34.68 
705* 19.790 -0.40  19.42  0.81 -117.58 0.98 -0.17 34.17 
707 19.866 -0.37  19.90  0.95 -117.82 0.98 -0.03 34.33 
711 20.016 0.12  19.76  1.40 -118.28 0.98 0.42 34.84 
712 20.053 0.55  19.41  1.76 -118.39 0.98 0.78 35.26 
713 20.090 0.50  18.67  1.55 -118.49 0.98 0.57 35.02 
714 20.127 0.09  20.48  1.53 -118.60 0.98 0.54 34.99 
715 20.164 0.02  20.05  1.37 -118.70 0.99 0.38 34.80 
720* 20.347 0.54  18.77  1.62 -119.12 0.99 0.63 35.09 
721 20.384 0.24  19.35  1.43 -119.20 0.99 0.44 34.87 
724 20.490 0.32  18.79  1.40 -119.43 0.99 0.40 34.83 
726 20.551 0.04  19.36  1.24 -119.57 0.99 0.24 34.64 
729 20.622 -0.11  19.67  1.16 -119.73 0.99 0.16 34.55 
731* 20.671 0.40  20.03  1.74 -119.83 0.99 0.75 35.22 
733 20.721 -0.09  20.19  1.28 -119.93 1.00 0.29 34.69 
736 20.797 0.24  20.37  1.65 -120.06 1.00 0.65 35.11 
740* 20.898 0.21  18.88  1.31 -120.25 1.00 0.31 34.72 
741 20.923 -0.25  20.19  1.12 -120.29 1.00 0.13 34.51 
745 21.025 -0.56  18.00  0.35 -120.50 1.00 -0.65 33.62 
748 21.102 0.13  19.50  1.36 -120.64 1.00 0.36 34.78 
749* 21.128 0.40  19.95  1.73 -120.69 1.00 0.72 35.19 
754 21.255 -0.27  18.80  0.81 -120.85 1.00 -0.19 34.14 
758 21.358 0.60  19.65  1.86 -121.04 1.00 0.86 35.35 
761 21.435 -0.57  19.51  0.66 -121.16 1.01 -0.35 33.97 
762 21.461 0.26  19.09  1.40 -121.19 1.01 0.40 34.82 
764 21.512 0.10  16.97  0.80 -121.28 1.01 -0.21 34.13 
769 21.640 0.30  18.18  1.25 -121.55 1.01 0.24 34.64 
772* 21.717 -0.18  18.80  0.90 -121.69 1.01 -0.11 34.24 
778 21.850 -0.19  18.85  0.90 -121.94 1.01 -0.11 34.24 
779* 21.867 -0.26  19.64  0.99 -121.98 1.01 -0.02 34.34 
781 21.903 -0.03  17.94  0.88 -122.06 1.01 -0.14 34.21 
783 21.939 0.07  18.86  1.16 -122.15 1.01 0.15 34.53 
784* 21.957 -0.07  18.43  0.94 -122.18 1.01 -0.08 34.27 
793 22.122 0.15  19.13  1.30 -122.51 1.02 0.29 34.69 
796 22.178 0.16  18.25  1.13 -122.63 1.02 0.11 34.49 
798 22.215 0.22  17.28  0.99 -122.70 1.02 -0.03 34.33 
801 22.270 0.09  17.96  1.00 -122.81 1.02 -0.02 34.34 
804 22.327 0.27  19.25  1.44 -122.93 1.02 0.42 34.85 
807* 22.382 -0.17  18.32  0.81 -123.03 1.02 -0.21 34.13 
809 22.420 0.11  19.06  1.25 -123.11 1.02 0.23 34.63 
817 22.577 0.14  18.56  1.18 -123.43 1.02 0.15 34.54 
819 22.617 0.17  18.18  1.12 -123.51 1.03 0.10 34.47 
820* 22.636 0.13  18.45  1.14 -123.54 1.03 0.12 34.50 
822 22.676 0.32  16.75  0.98 -123.62 1.03 -0.05 34.31 
846* 23.075 0.21  20.55  1.65 -124.42 1.03 0.62 35.08 
852 23.170 0.30  20.24  1.69 -124.61 1.03 0.65 35.11 
853* 23.184 0.41  19.22  1.58 -124.63 1.03 0.55 34.99 
855 23.213 -0.43  20.25  0.95 -124.70 1.04 -0.08 34.27 
858 23.257 -0.24  17.43  0.56 -124.79 1.04 -0.48 33.81 
864 23.344 0.50  18.69  1.56 -124.96 1.04 0.53 34.97 
881* 23.624 -0.11  18.05  0.81 -125.52 1.04 -0.23 34.10 
898 23.930 -0.03  21.83  1.69 -126.13 1.05 0.64 35.10 
* Indicates samples cleaned using the reductive technique with hydrazine. 
# δ18O values from LoDico et al. (2006). 
$ Sea-level data from Stanford et al. (2011). 
^ Sea-level δ18O is the isotopic effect of sea-level change due to the accumulation of 16O in continental ice sheets (Schrag et al., 2002). 
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Table D.8 G. ruber (pink) δ18O, SST, and sea-level data used to reconstruct δ18Oivc-sw and 
salinity. 
 
Depth 
(cm) 
Age 
(ka) 
δ18O 
(‰ PDB) 
SST 
(°C) 
δ18Osw 
(‰ SMOW) 
Sea-level 
(m)$ 
Sea-level δ18O 
(‰ SMOW)^ 
δ18Oivc-sw 
(‰ SMOW) 
Salinity 
(psu) 
311* 10.763 -1.14 25.73 1.39 -48.783 0.405 0.98 35.49 
312 10.789 -1.56 25.92 1.01 -49.122 0.408 0.60 35.05 
312.5 10.802 -1.48 26.52 1.21 -49.291 0.409 0.80 35.28 
313.5 10.828 -1.62 26.06 0.97 -49.628 0.412 0.56 35.00 
314.5 10.855 -1.21 25.61 1.30 -49.975 0.415 0.88 35.37 
315 10.868 -1.32 25.93 1.25 -50.140 0.416 0.83 35.31 
315.5 10.881 -0.97 25.19 1.45 -50.307 0.418 1.03 35.54 
316 10.894 -1.38 25.06 1.00 -50.472 0.419 0.59 35.03 
316.5 10.907 -0.98 25.44 1.49 -50.639 0.420 1.07 35.59 
318.5 10.960 -1.69 26.03 0.90 -51.317 0.426 0.47 34.91 
319 10.972 -1.51 25.42 0.95 -51.466 0.427 0.52 34.96 
319.5 10.984 -1.99 25.59 0.50 -51.618 0.428 0.07 34.45 
320.5 11.008 -1.63 26.77 1.11 -51.924 0.431 0.68 35.15 
321 11.020 -1.09 26.29 1.55 -52.072 0.432 1.11 35.64 
321.5 11.032 -1.36 26.68 1.37 -52.222 0.433 0.93 35.43 
322 11.045 -1.53 25.67 0.99 -52.382 0.435 0.55 35.00 
322* 11.045 -1.53 26.43 1.15 -52.382 0.435 0.71 35.18 
323.5 11.082 -1.41 26.35 1.24 -52.842 0.439 0.81 35.29 
324 11.094 -1.22 25.52 1.26 -52.994 0.440 0.82 35.30 
324.5 11.106 -1.28 26.18 1.33 -53.144 0.441 0.89 35.39 
325 11.119 -1.33 27.01 1.47 -53.303 0.442 1.02 35.54 
325.5 11.131 -1.70 26.11 0.91 -53.459 0.444 0.47 34.90 
326.5 11.155 -1.81 26.51 0.88 -53.745 0.446 0.43 34.86 
327.5 11.178 -1.30 26.71 1.43 -54.021 0.448 0.98 35.49 
328 11.189 -1.27 26.78 1.47 -54.147 0.449 1.03 35.54 
328.5 11.199 -1.76 25.86 0.79 -54.276 0.450 0.34 34.75 
328.5* 11.199 -1.76 25.32 0.68 -54.276 0.450 0.23 34.62 
329.5 11.221 -1.70 25.66 0.81 -54.555 0.453 0.36 34.78 
330 11.240 -1.56 25.88 1.00 -54.763 0.455 0.54 34.98 
331.5 11.300 -1.89 26.03 0.70 -55.473 0.460 0.24 34.64 
333 11.365 -1.38 25.50 1.10 -56.239 0.467 0.64 35.09 
336 11.497 -1.94 25.74 0.59 -57.725 0.479 0.11 34.49 
336* 11.497 -1.94 25.50 0.54 -57.725 0.479 0.06 34.43 
338 11.584 -1.51 24.71 0.80 -58.684 0.487 0.32 34.73 
338.5 11.601 -2.28 24.39 -0.04 -58.869 0.489 -0.53 33.76 
339 11.618 -1.67 25.57 0.82 -59.043 0.490 0.33 34.74 
339.5 11.635 -2.07 25.17 0.33 -59.224 0.492 -0.16 34.18 
340.5 11.669 -1.60 25.56 0.89 -59.581 0.495 0.39 34.82 
340.5* 11.669 -1.60 25.17 0.81 -59.581 0.495 0.31 34.72 
341 11.685 -1.61 25.61 0.89 -59.757 0.496 0.39 34.82 
341.5 11.701 -1.52 24.81 0.82 -59.927 0.497 0.32 34.73 
342 11.719 -1.43 26.03 1.16 -60.131 0.499 0.66 35.12 
342.5 11.741 -1.57 26.22 1.06 -60.351 0.501 0.56 35.01 
343.5 11.781 -1.91 25.32 0.53 -60.790 0.505 0.03 34.39 
343.5* 11.781 -1.91 24.05 0.27 -60.790 0.505 -0.24 34.09 
344 11.802 -1.77 24.93 0.59 -61.018 0.506 0.08 34.45 
344.5 11.823 -1.82 25.20 0.59 -61.245 0.508 0.08 34.46 
345 11.844 -1.59 25.98 0.99 -61.476 0.510 0.48 34.91 
345.5 11.865 -1.21 25.23 1.21 -61.693 0.512 0.70 35.17 
345.5* 11.865 -1.21 25.38 1.25 -61.693 0.512 0.73 35.20 
346.5 11.908 -1.94 25.11 0.46 -62.118 0.516 -0.06 34.30 
347 11.928 -1.20 25.54 1.29 -62.320 0.517 0.77 35.25 
347.5 11.948 -1.48 25.84 1.07 -62.528 0.519 0.55 34.99 
348.5* 11.988 -1.55 25.61 0.96 -62.935 0.522 0.43 34.86 
349.5 12.018 -1.51 25.42 0.95 -63.255 0.525 0.43 34.86 
350 12.033 -1.11 25.54 1.38 -63.410 0.526 0.85 35.34 
351.5 12.080 -1.15 25.96 1.42 -63.897 0.530 0.89 35.39 
351.5* 12.080 -1.15 25.50 1.33 -63.897 0.530 0.80 35.28 
352 12.096 -1.48 26.10 1.12 -64.061 0.532 0.59 35.04 
353 12.128 -1.30 25.60 1.20 -64.401 0.535 0.67 35.13 
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Table D.8 (cont.) 
Depth 
(cm) 
Age 
(ka) 
δ18O 
(‰ PDB) 
SST 
(°C) 
δ18Osw 
(‰ SMOW) 
Sea-level 
(m)$ 
Sea-level δ18O 
(‰ SMOW)^ 
δ18Oivc-sw 
(‰ SMOW) 
Salinity 
(psu) 
353.5 12.145 -1.02 26.28 1.62 -64.568 0.536 1.08 35.60 
355 12.193 -1.88 25.65 0.63 -65.065 0.540 0.09 34.46 
355* 12.193 -1.88 25.50 0.60 -65.065 0.540 0.06 34.43 
355.5 12.209 -1.33 25.43 1.13 -65.236 0.541 0.59 35.04 
356.5 12.240 -1.29 24.76 1.03 -65.562 0.544 0.49 34.93 
357.5 12.270 -0.80 25.82 1.74 -65.865 0.547 1.19 35.73 
358 12.281 -1.32 25.67 1.20 -65.985 0.548 0.65 35.11 
358.5 12.292 -1.37 25.43 1.09 -66.105 0.549 0.55 34.99 
358.5* 12.292 -1.37 26.15 1.24 -66.105 0.549 0.70 35.16 
359* 12.304 -1.10 25.08 1.29 -66.228 0.550 0.74 35.21 
359.5 12.315 -1.22 25.29 1.21 -66.351 0.551 0.66 35.13 
361 12.350 -1.17 25.31 1.27 -66.717 0.554 0.72 35.19 
362 12.373 -0.73 24.12 1.46 -66.958 0.556 0.91 35.40 
362.5 12.385 -1.47 26.99 1.32 -67.078 0.557 0.76 35.24 
365 12.442 -1.68 23.97 0.48 -67.660 0.562 -0.08 34.27 
365.5 12.453 -1.49 25.06 0.90 -67.772 0.563 0.34 34.75 
366.5 12.475 -1.31 24.73 1.01 -68.003 0.564 0.44 34.87 
367.5 12.497 -1.73 24.75 0.59 -68.227 0.566 0.02 34.39 
368 12.505 -1.50 24.32 0.73 -68.321 0.567 0.17 34.56 
368.5 12.514 -1.93 24.23 0.28 -68.414 0.568 -0.29 34.03 
368.5* 12.514 -1.93 24.25 0.28 -68.414 0.568 -0.28 34.04 
369.5 12.532 -1.02 24.39 1.23 -68.600 0.569 0.66 35.12 
370 12.541 -1.70 24.62 0.59 -68.692 0.570 0.02 34.39 
370* 12.541 -1.70 23.68 0.40 -68.692 0.570 -0.17 34.17 
370.5 12.550 -1.12 25.07 1.27 -68.789 0.571 0.70 35.17 
372 12.578 -1.50 24.50 0.77 -69.087 0.573 0.20 34.59 
372.5 12.587 -1.50 24.10 0.69 -69.190 0.574 0.11 34.50 
372.5* 12.587 -1.50 25.02 0.88 -69.190 0.574 0.31 34.71 
373 12.597 -1.39 24.79 0.94 -69.297 0.575 0.37 34.78 
373.5 12.606 -1.81 24.63 0.48 -69.397 0.576 -0.09 34.26 
374.5 12.625 -1.58 25.53 0.91 -69.597 0.578 0.33 34.74 
375 12.634 -1.73 23.95 0.43 -69.696 0.578 -0.15 34.19 
375.5 12.643 -1.53 24.88 0.82 -69.792 0.579 0.24 34.64 
375.5* 12.643 -1.53 24.35 0.71 -69.792 0.579 0.13 34.52 
376.5 12.661 -1.44 24.55 0.84 -69.989 0.581 0.26 34.66 
378.5 12.701 -2.03 25.33 0.41 -70.428 0.585 -0.17 34.17 
379 12.712 -2.07 24.33 0.16 -70.561 0.586 -0.42 33.88 
379.5 12.724 -1.74 24.69 0.57 -70.692 0.587 -0.02 34.35 
380.5 12.747 -1.73 24.88 0.62 -70.946 0.589 0.03 34.40 
380.5* 12.747 -1.73 24.51 0.54 -70.946 0.589 -0.05 34.31 
381 12.759 -1.59 24.46 0.68 -71.083 0.590 0.09 34.46 
384 12.832 -1.06 25.43 1.41 -71.894 0.597 0.81 35.29 
385 12.856 -1.81 25.30 0.63 -72.165 0.599 0.03 34.40 
385.5 12.867 -1.34 24.63 0.96 -72.285 0.600 0.36 34.77 
386 12.878 -1.86 27.06 0.95 -72.413 0.601 0.35 34.76 
387.5 12.934 -2.95 25.29 -0.51 -73.034 0.606 -1.12 33.08 
388 12.956 -3.42 25.20 -1.00 -73.282 0.608 -1.61 32.52 
388.5 12.978 -3.58 25.87 -1.02 -73.540 0.610 -1.63 32.49 
389.5 13.025 -3.20 25.25 -0.78 -74.068 0.615 -1.39 32.77 
390 13.044 -2.67 24.89 -0.31 -74.298 0.617 -0.93 33.30 
390.5 13.060 -2.91 25.63 -0.40 -74.503 0.618 -1.02 33.20 
390.5* 13.060 -2.91 25.35 -0.46 -74.503 0.618 -1.08 33.13 
391.5 13.095 -2.78 24.79 -0.45 -74.909 0.622 -1.07 33.14 
392 13.112 -2.08 25.86 0.48 -75.116 0.623 -0.15 34.20 
392.5 13.130 -2.67 25.35 -0.22 -75.323 0.625 -0.85 33.39 
393 13.148 -2.56 25.75 -0.03 -75.537 0.627 -0.66 33.61 
393.5 13.165 -2.01 24.83 0.33 -75.747 0.629 -0.30 34.02 
394 13.185 -2.80 25.39 -0.35 -75.988 0.631 -0.98 33.25 
394.5* 13.206 -3.52 26.40 -0.85 -76.229 0.633 -1.48 32.67 
395.5 13.241 -2.47 25.53 0.01 -76.663 0.636 -0.63 33.65 
396.5 13.275 -2.50 25.12 -0.10 -77.070 0.640 -0.74 33.52 
397 13.291 -3.22 24.79 -0.89 -77.270 0.641 -1.53 32.61 
397.5 13.308 -2.11 25.36 0.34 -77.461 0.643 -0.30 34.02 
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Table D.8 (cont.) 
Depth 
(cm) 
Age 
(ka) 
δ18O 
(‰ PDB) 
SST 
(°C) 
δ18Osw 
(‰ SMOW) 
Sea-level 
(m)$ 
Sea-level δ18O 
(‰ SMOW)^ 
δ18Oivc-sw 
(‰ SMOW) 
Salinity 
(psu) 
399 13.345 -3.03 25.31 -0.59 -77.923 0.647 -1.24 32.94 
399.5 13.357 -3.33 25.56 -0.84 -78.071 0.648 -1.49 32.66 
400 13.370 -2.74 25.46 -0.27 -78.224 0.649 -0.92 33.32 
400* 13.370 -2.74 25.35 -0.29 -78.224 0.649 -0.94 33.29 
400.5 13.383 -3.32 24.64 -1.02 -78.381 0.651 -1.67 32.45 
401 13.396 -3.88 24.33 -1.64 -78.538 0.652 -2.30 31.73 
401.5 13.409 -4.09 24.52 -1.81 -78.694 0.653 -2.46 31.54 
402 13.422 -3.46 23.92 -1.31 -78.851 0.654 -1.96 32.12 
402.5 13.435 -2.53 24.36 -0.29 -79.008 0.656 -0.95 33.28 
403 13.448 -3.46 25.54 -0.97 -79.164 0.657 -1.63 32.50 
403.5 13.461 -2.94 24.49 -0.67 -79.321 0.658 -1.33 32.84 
405 13.500 -2.88 25.25 -0.45 -79.797 0.662 -1.11 33.09 
405.5 13.512 -4.68 25.87 -2.13 -79.953 0.664 -2.79 31.17 
406.5 13.537 -3.10 26.32 -0.46 -80.265 0.666 -1.12 33.08 
407 13.551 -2.51 24.90 -0.16 -80.448 0.668 -0.83 33.42 
407.5 13.569 -3.00 25.87 -0.44 -80.646 0.669 -1.11 33.09 
408 13.585 -3.92 25.90 -1.36 -80.850 0.671 -2.03 32.04 
408.5 13.601 -2.38 24.69 -0.07 -81.051 0.673 -0.75 33.51 
409 13.618 -3.79 24.81 -1.45 -81.252 0.674 -2.12 31.93 
409.5 13.635 -4.72 25.12 -2.32 -81.458 0.676 -3.00 30.93 
410 13.652 -4.67 24.40 -2.42 -81.662 0.678 -3.10 30.81 
410.5 13.669 -3.30 25.35 -0.86 -81.869 0.680 -1.54 32.60 
411.5 13.704 -3.04 25.98 -0.46 -82.295 0.683 -1.14 33.06 
412* 13.721 -3.12 25.44 -0.66 -82.514 0.685 -1.34 32.82 
413 13.757 -2.42 25.69 0.10 -82.953 0.689 -0.59 33.69 
413.5 13.774 -2.27 24.14 -0.07 -83.165 0.690 -0.76 33.49 
414 13.792 -3.11 24.87 -0.76 -83.375 0.692 -1.46 32.70 
414.5 13.809 -2.72 25.44 -0.25 -83.586 0.694 -0.94 33.28 
415 13.827 -1.99 26.45 0.69 -83.797 0.696 -0.01 34.35 
417.5 13.909 -3.36 25.14 -0.96 -84.789 0.704 -1.66 32.46 
418 13.924 -2.39 24.90 -0.04 -84.985 0.705 -0.75 33.51 
418.5 13.942 -3.14 25.08 -0.75 -85.175 0.707 -1.46 32.69 
419 13.953 -3.04 25.10 -0.64 -85.316 0.708 -1.35 32.82 
419.5 13.962 -2.75 25.37 -0.30 -85.430 0.709 -1.01 33.21 
419.5 13.962 -2.75 25.23 -0.33 -85.430 0.709 -1.04 33.17 
420 13.972 -2.57 24.93 -0.21 -85.544 0.710 -0.92 33.31 
421 13.991 -3.21 24.28 -0.99 -85.764 0.712 -1.70 32.42 
421.5 14.001 -3.28 24.98 -0.91 -85.878 0.713 -1.63 32.50 
422 14.011 -2.76 24.37 -0.52 -85.997 0.714 -1.23 32.96 
422* 14.011 -2.76 24.86 -0.41 -85.997 0.714 -1.13 33.07 
422.5 14.021 -2.69 23.92 -0.54 -86.115 0.715 -1.25 32.93 
423 14.031 -2.55 24.28 -0.33 -86.229 0.716 -1.04 33.17 
423.5 14.041 -2.74 23.96 -0.58 -86.339 0.717 -1.30 32.87 
424 14.050 -2.74 24.92 -0.38 -86.447 0.718 -1.10 33.11 
424.5 14.060 -2.79 25.65 -0.28 -86.557 0.718 -1.00 33.22 
425 14.070 -1.95 25.22 0.47 -86.660 0.719 -0.25 34.08 
425.5 14.080 -2.92 24.36 -0.68 -86.758 0.720 -1.40 32.76 
426 14.089 -2.78 24.02 -0.61 -86.853 0.721 -1.33 32.85 
426* 14.089 -2.78 24.80 -0.44 -86.853 0.721 -1.16 33.03 
427 14.108 -2.21 23.63 -0.12 -87.055 0.723 -0.85 33.40 
427.5 14.118 -2.76 24.06 -0.59 -87.175 0.724 -1.31 32.87 
428 14.134 -2.34 24.34 -0.10 -87.323 0.725 -0.83 33.42 
428.5 14.148 -2.49 24.37 -0.25 -87.470 0.726 -0.97 33.25 
429 14.162 -2.01 23.73 0.10 -87.613 0.727 -0.63 33.64 
430 14.192 -2.76 23.85 -0.63 -87.931 0.730 -1.36 32.81 
430.5 14.208 -3.15 24.83 -0.81 -88.089 0.731 -1.54 32.60 
431 14.223 -2.63 23.55 -0.56 -88.252 0.732 -1.29 32.89 
432 14.255 -2.97 23.96 -0.82 -88.577 0.735 -1.55 32.59 
432.5 14.271 -1.94 24.38 0.31 -88.724 0.736 -0.43 33.87 
433 14.286 -2.34 25.00 0.04 -88.869 0.738 -0.70 33.56 
433.5 14.302 -2.63 25.11 -0.23 -89.020 0.739 -0.97 33.26 
434* 14.318 -2.51 25.79 0.03 -89.172 0.740 -0.71 33.55 
434.5 14.333 -2.17 25.25 0.25 -89.312 0.741 -0.49 33.80 
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(cm) 
Age 
(ka) 
δ18O 
(‰ PDB) 
SST 
(°C) 
δ18Osw 
(‰ SMOW) 
Sea-level 
(m)$ 
Sea-level δ18O 
(‰ SMOW)^ 
δ18Oivc-sw 
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435 14.349 -2.58 24.76 -0.26 -89.457 0.742 -1.00 33.22 
435.5 14.364 -2.13 25.12 0.27 -89.603 0.744 -0.48 33.82 
438 14.412 -2.37 24.78 -0.04 -90.089 0.748 -0.79 33.46 
438.5 14.412 -3.35 23.94 -1.20 -90.089 0.748 -1.94 32.14 
439 14.412 -1.70 24.86 0.65 -90.089 0.748 -0.10 34.25 
441.5 14.412 -2.15 25.75 0.38 -90.089 0.748 -0.37 33.94 
454.5 14.412 -2.39 26.04 0.20 -90.089 0.748 -0.55 33.74 
457.5 14.447 -2.94 24.84 -0.60 -90.993 0.755 -1.35 32.81 
457.5* 14.447 -2.94 25.50 -0.46 -90.993 0.755 -1.22 32.97 
458 14.459 -3.79 25.75 -1.26 -91.040 0.756 -2.01 32.06 
459 14.482 -2.81 26.21 -0.19 -91.135 0.756 -0.95 33.28 
459.5 14.493 -2.72 26.52 -0.03 -91.182 0.757 -0.79 33.46 
460 14.505 -3.19 26.25 -0.56 -91.229 0.757 -1.31 32.86 
461.5 14.539 -2.53 25.45 -0.07 -91.371 0.758 -0.82 33.42 
462.5 14.562 -2.40 24.88 -0.06 -91.464 0.759 -0.81 33.43 
463 14.573 -1.63 25.01 0.75 -91.510 0.760 -0.01 34.35 
463* 14.573 -1.63 25.50 0.85 -91.510 0.760 0.09 34.47 
464 14.596 -1.98 24.29 0.25 -91.604 0.760 -0.51 33.78 
465.5 14.631 -2.19 25.94 0.38 -91.746 0.761 -0.38 33.93 
466 14.642 -2.05 25.33 0.39 -91.792 0.762 -0.37 33.94 
466* 14.642 -2.05 25.87 0.50 -91.792 0.762 -0.26 34.07 
467 14.665 -2.63 26.14 -0.02 -91.885 0.763 -0.78 33.47 
468 14.688 -2.69 26.38 -0.02 -91.980 0.763 -0.79 33.46 
468* 14.688 -2.69 25.26 -0.26 -91.980 0.763 -1.02 33.20 
469 14.710 -2.34 25.15 0.07 -92.072 0.764 -0.70 33.57 
470 14.733 -1.64 25.18 0.77 -92.166 0.765 0.01 34.37 
470* 14.733 -1.64 25.35 0.81 -92.166 0.765 0.04 34.41 
471 14.756 -2.54 24.68 -0.23 -92.260 0.766 -0.99 33.22 
472 14.779 -2.10 25.22 0.32 -92.466 0.767 -0.45 33.85 
473 14.802 -1.47 25.87 1.08 -93.172 0.773 0.31 34.72 
473* 14.802 -1.47 25.96 1.10 -93.172 0.773 0.33 34.74 
474 14.824 -2.28 25.42 0.18 -93.348 0.775 -0.60 33.68 
474* 14.824 -2.28 25.80 0.26 -93.348 0.775 -0.52 33.77 
475 14.847 -2.13 25.46 0.34 -93.528 0.776 -0.44 33.86 
476 14.870 -3.00 25.80 -0.46 -93.693 0.778 -1.23 32.95 
476* 14.870 -3.00 25.64 -0.49 -93.693 0.778 -1.27 32.91 
477 14.892 -3.06 25.82 -0.51 -93.854 0.779 -1.29 32.88 
478 14.915 -2.55 25.26 -0.12 -94.022 0.780 -0.90 33.34 
479 14.938 -2.90 25.07 -0.51 -94.184 0.782 -1.29 32.89 
479* 14.938 -2.90 25.42 -0.43 -94.184 0.782 -1.22 32.97 
480 14.960 -3.80 25.36 -1.35 -94.352 0.783 -2.14 31.92 
481 14.983 -3.25 24.51 -0.98 -94.526 0.785 -1.77 32.34 
482 15.005 -3.11 24.95 -0.74 -94.698 0.786 -1.53 32.61 
483 15.028 -3.06 25.70 -0.54 -94.864 0.787 -1.33 32.85 
484 15.050 -3.15 24.73 -0.84 -95.031 0.789 -1.62 32.50 
485 15.074 -2.77 25.03 -0.39 -95.207 0.790 -1.18 33.01 
485* 15.074 -2.77 25.93 -0.20 -95.207 0.790 -0.99 33.23 
486 15.091 -2.62 25.02 -0.24 -95.344 0.791 -1.03 33.18 
487 15.108 -2.54 24.88 -0.19 -95.474 0.792 -0.99 33.24 
488 15.125 -1.55 24.86 0.80 -95.609 0.794 0.00 34.37 
488* 15.125 -1.55 25.73 0.98 -95.609 0.794 0.18 34.57 
489 15.142 -1.19 25.01 1.18 -95.738 0.795 0.39 34.81 
490 15.159 -1.80 25.51 0.68 -95.868 0.796 -0.12 34.23 
490* 15.159 -1.80 25.76 0.73 -95.868 0.796 -0.06 34.29 
491 15.176 -1.43 24.14 0.76 -95.997 0.797 -0.04 34.32 
492 15.193 -1.79 24.62 0.51 -96.123 0.798 -0.29 34.03 
493 15.210 -2.82 25.41 -0.36 -96.246 0.799 -1.16 33.04 
493* 15.210 -2.82 25.65 -0.31 -96.246 0.799 -1.11 33.09 
494 15.226 -2.33 25.09 0.07 -96.368 0.800 -0.73 33.52 
495 15.244 -3.36 24.88 -1.01 -96.510 0.801 -1.82 32.28 
496 15.269 -2.41 24.94 -0.04 -96.696 0.803 -0.85 33.39 
496* 15.269 -2.41 25.05 -0.02 -96.696 0.803 -0.82 33.42 
497 15.294 -2.20 24.65 0.10 -96.875 0.804 -0.70 33.56 
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498 15.320 -2.31 25.33 0.13 -97.068 0.806 -0.67 33.59 
498* 15.320 -2.31 25.35 0.14 -97.068 0.806 -0.67 33.60 
499 15.346 -2.30 25.17 0.11 -97.263 0.807 -0.70 33.56 
500 15.373 -2.17 25.17 0.24 -97.445 0.809 -0.57 33.71 
500* 15.373 -2.17 25.30 0.26 -97.445 0.809 -0.55 33.74 
501 15.400 -1.36 25.29 1.07 -97.632 0.810 0.26 34.67 
502 15.427 -1.76 25.80 0.78 -97.816 0.812 -0.04 34.32 
503 15.453 -2.49 24.83 -0.15 -98.004 0.813 -0.97 33.26 
503* 15.453 -2.49 24.70 -0.18 -98.004 0.813 -0.99 33.23 
505 15.508 -1.71 25.20 0.71 -98.370 0.816 -0.11 34.24 
506 15.539 -1.74 25.35 0.71 -98.581 0.818 -0.11 34.24 
508 15.599 -1.50 26.39 1.17 -98.992 0.822 0.35 34.76 
510 15.661 -1.53 25.22 0.90 -99.402 0.825 0.07 34.45 
510* 15.661 -1.53 25.64 0.98 -99.402 0.825 0.16 34.55 
512 15.722 -1.90 25.22 0.52 -99.810 0.828 -0.30 34.01 
513 15.753 -1.60 24.96 0.76 -100.022 0.830 -0.07 34.29 
513* 15.753 -1.60 24.74 0.72 -100.022 0.830 -0.11 34.24 
514 15.782 -1.60 25.27 0.83 -100.217 0.832 0.00 34.36 
515 15.813 -1.66 25.24 0.76 -100.418 0.833 -0.07 34.28 
516 15.839 -1.67 25.22 0.75 -100.597 0.835 -0.08 34.27 
517 15.864 -1.18 24.85 1.16 -100.762 0.836 0.33 34.74 
518 15.890 -1.89 25.36 0.56 -100.924 0.838 -0.28 34.05 
518* 15.890 -1.89 26.48 0.79 -100.924 0.838 -0.04 34.32 
519 15.916 -1.77 25.44 0.70 -101.093 0.839 -0.14 34.20 
520 15.941 -1.63 25.05 0.76 -101.252 0.840 -0.08 34.27 
522 15.993 -1.68 26.55 1.02 -101.576 0.843 0.18 34.57 
524 16.043 -1.45 26.49 1.23 -101.897 0.846 0.39 34.81 
524* 16.043 -1.45 25.82 1.09 -101.897 0.846 0.25 34.65 
525 16.069 -2.32 23.88 -0.18 -102.058 0.847 -1.02 33.19 
526 16.087 -1.92 24.41 0.33 -102.177 0.848 -0.51 33.78 
527 16.105 -2.32 24.28 -0.09 -102.290 0.849 -0.94 33.28 
527* 16.105 -2.32 24.99 0.05 -102.290 0.849 -0.80 33.45 
528 16.123 -1.53 25.51 0.95 -102.410 0.850 0.10 34.48 
529 16.142 -2.17 25.61 0.33 -102.527 0.851 -0.52 33.77 
530* 16.160 -1.53 25.84 1.02 -102.644 0.852 0.17 34.56 
531 16.179 -2.15 24.72 0.17 -102.753 0.853 -0.68 33.58 
532 16.197 -2.01 24.89 0.34 -102.856 0.854 -0.52 33.77 
533 16.216 -1.97 24.54 0.31 -102.969 0.855 -0.54 33.74 
533* 16.216 -1.97 25.14 0.43 -102.969 0.855 -0.42 33.88 
534 16.234 -2.00 24.78 0.33 -103.076 0.856 -0.53 33.76 
535 16.252 -1.85 24.34 0.39 -103.188 0.856 -0.47 33.83 
536* 16.277 -1.97 25.58 0.53 -103.330 0.858 -0.33 33.99 
538 16.326 -2.18 25.08 0.22 -103.600 0.860 -0.64 33.63 
538* 16.326 -2.18 25.26 0.25 -103.600 0.860 -0.61 33.67 
539 16.351 -1.50 24.96 0.86 -103.744 0.861 0.00 34.37 
540 16.377 -1.83 23.50 0.23 -103.896 0.862 -0.63 33.64 
541 16.402 -1.70 25.15 0.71 -104.040 0.864 -0.16 34.19 
541* 16.402 -1.70 25.70 0.82 -104.040 0.864 -0.04 34.32 
542 16.428 -2.20 25.36 0.25 -104.186 0.865 -0.61 33.66 
543 16.453 -2.36 23.40 -0.31 -104.319 0.866 -1.18 33.01 
545 16.504 -1.89 23.50 0.17 -104.587 0.868 -0.69 33.57 
547 16.544 -2.17 24.72 0.15 -104.808 0.870 -0.72 33.54 
548 16.564 -1.90 24.44 0.36 -104.909 0.871 -0.51 33.78 
549 16.584 -1.48 24.16 0.72 -105.013 0.872 -0.15 34.19 
550 16.604 -1.63 24.65 0.67 -105.111 0.872 -0.21 34.13 
550* 16.604 -1.63 23.82 0.49 -105.111 0.872 -0.38 33.93 
551 16.624 -2.07 25.46 0.40 -105.218 0.873 -0.47 33.82 
555 16.708 -1.66 25.35 0.79 -105.630 0.877 -0.09 34.26 
557 16.751 -1.19 25.62 1.31 -105.843 0.878 0.43 34.86 
558 16.773 -1.47 24.22 0.75 -105.950 0.879 -0.13 34.21 
560 16.817 -1.38 24.63 0.92 -106.162 0.881 0.04 34.41 
562 16.861 -1.41 23.68 0.69 -106.366 0.883 -0.19 34.15 
563 16.883 -1.19 24.10 1.00 -106.469 0.884 0.11 34.49 
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565 16.930 -1.04 24.34 1.20 -106.675 0.885 0.31 34.72 
570 17.045 -1.13 23.27 0.89 -107.142 0.889 0.00 34.36 
571 17.068 -1.24 23.07 0.73 -107.235 0.890 -0.16 34.18 
571* 17.068 -1.24 22.78 0.67 -107.235 0.890 -0.22 34.11 
572 17.091 -1.10 23.38 0.94 -107.332 0.891 0.04 34.42 
573 17.113 -1.60 22.55 0.26 -107.429 0.892 -0.63 33.64 
575 17.164 -0.84 23.16 1.15 -107.636 0.893 0.26 34.66 
577 17.214 -1.01 23.68 1.09 -107.846 0.895 0.19 34.59 
580 17.291 -1.07 23.02 0.89 -108.157 0.898 -0.01 34.35 
581* 17.317 -1.05 21.72 0.64 -108.266 0.899 -0.26 34.07 
583 17.369 -1.13 23.05 0.84 -108.475 0.900 -0.06 34.29 
583* 17.369 -1.13 20.17 0.24 -108.475 0.900 -0.66 33.60 
585 17.421 -0.87 23.29 1.15 -108.685 0.902 0.24 34.64 
589 17.524 -1.17 22.93 0.78 -109.082 0.905 -0.13 34.22 
590 17.549 -1.20 22.48 0.64 -109.178 0.906 -0.26 34.07 
591 17.575 -1.13 23.70 0.98 -109.276 0.907 0.07 34.45 
592 17.600 -1.36 24.01 0.81 -109.372 0.908 -0.10 34.25 
592* 17.600 -1.36 23.95 0.79 -109.372 0.908 -0.11 34.23 
593 17.625 -0.97 24.01 1.20 -109.470 0.909 0.29 34.70 
597 17.732 -0.70 22.33 1.11 -109.902 0.912 0.20 34.60 
598 17.760 -0.95 22.71 0.95 -110.016 0.913 0.04 34.41 
599 17.787 -0.75 23.04 1.22 -110.133 0.914 0.31 34.71 
600 17.815 -0.96 22.29 0.85 -110.255 0.915 -0.07 34.29 
600* 17.815 -0.96 22.24 0.84 -110.255 0.915 -0.08 34.27 
601 17.843 -0.82 21.05 0.74 -110.376 0.916 -0.18 34.16 
602 17.870 -0.64 22.16 1.15 -110.490 0.917 0.23 34.63 
603 17.896 -0.97 22.92 0.97 -110.590 0.918 0.05 34.43 
607 18.000 -0.95 22.47 0.89 -111.003 0.921 -0.03 34.33 
610 18.077 -1.34 22.95 0.60 -111.317 0.924 -0.32 34.00 
611 18.104 -0.82 23.08 1.16 -111.421 0.925 0.23 34.63 
611* 18.104 -0.82 21.88 0.91 -111.421 0.925 -0.02 34.34 
612 18.126 -0.95 22.51 0.91 -111.517 0.926 -0.02 34.34 
613 18.147 -1.06 24.00 1.10 -111.599 0.926 0.18 34.57 
613* 18.147 -1.06 23.29 0.95 -111.599 0.926 0.03 34.40 
617 18.222 -1.32 22.98 0.64 -111.863 0.928 -0.29 34.03 
617* 18.222 -1.32 22.51 0.54 -111.863 0.928 -0.39 33.92 
618 18.238 -1.52 23.50 0.55 -111.920 0.929 -0.38 33.92 
619 18.256 -1.45 23.97 0.71 -111.987 0.929 -0.22 34.11 
620 18.274 -1.39 23.55 0.68 -112.066 0.930 -0.25 34.07 
620* 18.274 -1.39 22.32 0.42 -112.066 0.930 -0.51 33.78 
621 18.291 -1.24 23.66 0.86 -112.143 0.931 -0.07 34.28 
622 18.308 -1.68 23.68 0.42 -112.216 0.931 -0.51 33.78 
623 18.325 -1.42 24.29 0.81 -112.290 0.932 -0.12 34.22 
624 18.343 -1.55 23.43 0.50 -112.370 0.933 -0.43 33.87 
625 18.360 -1.43 24.20 0.78 -112.444 0.933 -0.15 34.19 
625* 18.360 -1.43 23.85 0.71 -112.444 0.933 -0.23 34.11 
626 18.378 -1.46 23.45 0.59 -112.520 0.934 -0.34 33.97 
627 18.394 -1.21 23.28 0.81 -112.588 0.934 -0.12 34.22 
629 18.429 -1.31 22.93 0.63 -112.731 0.936 -0.30 34.02 
630 18.447 -1.47 23.37 0.56 -112.810 0.936 -0.37 33.94 
631 18.464 -1.58 24.87 0.77 -112.877 0.937 -0.17 34.17 
632 18.482 -2.08 23.82 0.05 -112.945 0.937 -0.89 33.35 
633 18.499 -1.57 24.16 0.63 -113.010 0.938 -0.31 34.01 
634 18.516 -1.95 24.12 0.24 -113.076 0.939 -0.70 33.57 
635 18.533 -1.39 23.55 0.68 -113.141 0.939 -0.26 34.07 
636 18.551 -0.89 22.84 1.03 -113.212 0.940 0.09 34.47 
637 18.569 -0.87 23.30 1.15 -113.288 0.940 0.21 34.60 
638 18.586 -1.82 24.78 0.51 -113.356 0.941 -0.43 33.87 
638* 18.586 -1.82 22.93 0.12 -113.356 0.941 -0.82 33.43 
639 18.603 -1.07 23.58 1.01 -113.421 0.941 0.07 34.45 
641 18.638 -0.73 23.13 1.26 -113.564 0.943 0.32 34.73 
642 18.656 -0.66 22.95 1.29 -113.635 0.943 0.35 34.76 
643 18.673 -0.51 22.38 1.32 -113.701 0.944 0.38 34.79 
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644 18.690 -1.26 22.99 0.70 -113.773 0.944 -0.24 34.09 
645 18.708 -1.43 23.61 0.66 -113.843 0.945 -0.29 34.03 
646 18.725 -1.23 23.58 0.85 -113.909 0.945 -0.10 34.25 
647 18.743 -0.83 25.37 1.63 -113.978 0.946 0.68 35.14 
648 18.760 -2.25 24.58 0.03 -114.055 0.947 -0.91 33.32 
649 18.777 -1.57 23.17 0.42 -114.122 0.947 -0.52 33.77 
650 18.795 -2.07 24.02 0.10 -114.196 0.948 -0.85 33.40 
650* 18.795 -2.07 23.27 -0.05 -114.196 0.948 -1.00 33.22 
651 18.812 -1.65 25.00 0.72 -114.270 0.948 -0.23 34.10 
652 18.830 -1.22 22.44 0.62 -114.345 0.949 -0.33 33.99 
653 18.847 -0.99 23.71 1.12 -114.418 0.950 0.17 34.56 
654 18.864 -1.19 24.05 0.99 -114.487 0.950 0.04 34.41 
654* 18.864 -1.19 22.36 0.63 -114.487 0.950 -0.32 34.00 
655 18.882 -1.13 23.47 0.93 -114.546 0.951 -0.02 34.34 
656 18.899 -1.54 23.61 0.55 -114.610 0.951 -0.40 33.90 
657 18.916 -0.73 22.70 1.16 -114.675 0.952 0.21 34.61 
658 18.934 -0.94 23.87 1.20 -114.739 0.952 0.25 34.65 
660 18.968 -0.93 22.50 0.93 -114.867 0.953 -0.03 34.33 
661 18.986 -1.35 21.99 0.40 -114.926 0.954 -0.55 33.73 
663 19.020 -1.01 23.37 1.03 -115.045 0.955 0.07 34.45 
663* 19.020 -1.01 21.96 0.74 -115.045 0.955 -0.22 34.11 
664 19.037 -1.13 22.63 0.76 -115.108 0.955 -0.20 34.14 
665 19.055 -0.98 23.12 1.00 -115.166 0.956 0.04 34.41 
666 19.072 -1.03 24.35 1.21 -115.226 0.956 0.26 34.66 
667 19.089 -0.83 24.30 1.40 -115.291 0.957 0.44 34.87 
668 19.106 -1.29 23.53 0.78 -115.351 0.957 -0.18 34.16 
670 19.140 -0.88 24.04 1.29 -115.474 0.958 0.33 34.74 
671 19.157 -0.88 24.52 1.39 -115.530 0.959 0.43 34.86 
672 19.175 -0.54 24.01 1.63 -115.583 0.959 0.67 35.13 
673 19.191 -0.54 24.27 1.69 -115.637 0.960 0.73 35.20 
676 19.242 -0.40 24.21 1.80 -115.796 0.961 0.84 35.33 
678 19.275 -1.19 24.93 1.17 -115.902 0.962 0.21 34.61 
678* 19.275 -1.19 23.44 0.86 -115.902 0.962 -0.10 34.25 
679 19.291 -0.66 23.74 1.46 -115.953 0.962 0.49 34.93 
681 19.325 -0.90 23.48 1.16 -116.065 0.963 0.20 34.59 
682 19.340 -1.10 22.59 0.77 -116.118 0.964 -0.19 34.14 
683 19.355 -1.59 23.34 0.44 -116.167 0.964 -0.52 33.77 
685 19.384 -1.26 24.47 1.01 -116.258 0.965 0.04 34.41 
685 19.384 -1.30 24.47 0.96 -116.258 0.965 -0.01 34.36 
685 19.384 -1.28 24.47 0.98 -116.258 0.965 0.02 34.39 
686 19.399 -1.29 23.96 0.86 -116.308 0.965 -0.10 34.25 
687 19.414 -1.09 23.74 1.02 -116.357 0.966 0.05 34.42 
688 19.429 -1.21 24.06 0.97 -116.405 0.966 0.00 34.37 
689 19.443 -1.72 23.34 0.31 -116.446 0.967 -0.66 33.61 
689 19.443 -1.30 23.34 0.73 -116.446 0.967 -0.24 34.09 
689 19.443 -1.51 23.34 0.52 -116.446 0.967 -0.45 33.85 
691 19.473 -1.42 23.15 0.57 -116.543 0.967 -0.40 33.91 
692 19.487 -1.88 24.45 0.38 -116.593 0.968 -0.59 33.69 
693 19.502 -1.47 24.43 0.79 -116.636 0.968 -0.18 34.16 
696 19.544 -1.35 23.91 0.80 -116.773 0.969 -0.17 34.17 
698 19.572 -0.91 23.63 1.18 -116.867 0.970 0.21 34.61 
699 19.586 -1.10 23.49 0.96 -116.915 0.970 -0.01 34.35 
701 19.640 -0.78 24.70 1.53 -117.098 0.972 0.56 35.00 
702 19.677 -1.07 23.64 1.02 -117.220 0.973 0.05 34.42 
703 19.715 -1.26 23.55 0.82 -117.339 0.974 -0.16 34.19 
705 19.790 -0.65 23.34 1.38 -117.578 0.976 0.40 34.82 
705* 19.790 -0.65 23.05 1.31 -117.578 0.976 0.34 34.75 
706 19.828 -0.59 23.93 1.56 -117.700 0.977 0.58 35.03 
708 19.904 -1.14 23.22 0.86 -117.945 0.979 -0.11 34.23 
710* 19.979 -1.36 21.99 0.38 -118.171 0.981 -0.60 33.68 
711 20.016 -1.45 23.39 0.59 -118.279 0.982 -0.39 33.91 
712 20.053 -1.20 22.94 0.75 -118.385 0.983 -0.24 34.09 
713 20.090 -1.41 23.70 0.69 -118.492 0.983 -0.29 34.03 
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Table D.8 (cont.) 
Depth 
(cm) 
Age 
(ka) 
δ18O 
(‰ PDB) 
SST 
(°C) 
δ18Osw 
(‰ SMOW) 
Sea-level 
(m)$ 
Sea-level δ18O 
(‰ SMOW)^ 
δ18Oivc-sw 
(‰ SMOW) 
Salinity 
(psu) 
716 20.201 -0.92 24.47 1.35 -118.780 0.986 0.36 34.78 
717 20.238 -1.33 23.20 0.67 -118.861 0.987 -0.32 34.00 
718 20.274 -1.08 23.78 1.04 -118.946 0.987 0.05 34.42 
720* 20.347 -0.63 21.72 1.06 -119.123 0.989 0.08 34.45 
721 20.384 -1.23 24.38 1.01 -119.201 0.989 0.02 34.39 
722 20.420 -1.06 22.83 0.86 -119.287 0.990 -0.13 34.21 
723 20.456 -1.56 23.71 0.55 -119.363 0.991 -0.44 33.86 
724 20.490 -1.33 23.78 0.79 -119.435 0.991 -0.21 34.13 
726 20.551 -0.75 23.94 1.41 -119.572 0.992 0.41 34.84 
728 20.598 -1.55 23.53 0.52 -119.674 0.993 -0.48 33.82 
730 20.646 -1.43 23.45 0.62 -119.782 0.994 -0.38 33.93 
731 20.671 -1.17 22.41 0.66 -119.832 0.995 -0.33 33.98 
733 20.721 -1.45 23.09 0.53 -119.929 0.995 -0.46 33.83 
735 20.771 -1.13 24.44 1.12 -120.015 0.996 0.13 34.51 
735* 20.771 -1.13 22.36 0.69 -120.015 0.996 -0.31 34.01 
737 20.822 -1.49 23.03 0.47 -120.111 0.997 -0.52 33.76 
738 20.847 -0.85 24.26 1.37 -120.151 0.997 0.37 34.79 
740 20.898 -1.73 24.36 0.51 -120.249 0.998 -0.49 33.80 
740* 20.898 -1.73 22.97 0.22 -120.249 0.998 -0.78 33.47 
741 20.923 -0.66 23.98 1.50 -120.288 0.998 0.50 34.94 
742 20.948 -0.83 23.67 1.26 -120.336 0.999 0.26 34.67 
743 20.974 -1.35 23.08 0.63 -120.389 0.999 -0.37 33.94 
744 21.000 -1.14 23.80 0.99 -120.445 1.000 -0.01 34.35 
746 21.051 -1.20 23.58 0.88 -120.554 1.001 -0.12 34.22 
747 21.076 -1.42 23.90 0.72 -120.599 1.001 -0.28 34.05 
748 21.102 -1.31 24.61 0.98 -120.641 1.001 -0.02 34.34 
751 21.179 -0.75 23.82 1.38 -120.764 1.002 0.38 34.80 
753 21.230 -1.04 24.51 1.23 -120.820 1.003 0.23 34.62 
755* 21.281 -1.35 22.63 0.53 -120.896 1.003 -0.47 33.83 
757 21.332 -1.12 24.40 1.13 -120.993 1.004 0.13 34.51 
758 21.358 -1.47 23.54 0.60 -121.044 1.005 -0.41 33.90 
759 21.384 -1.24 23.88 0.90 -121.083 1.005 -0.10 34.25 
761 21.435 -1.31 23.18 0.68 -121.156 1.006 -0.32 33.99 
763 21.486 -1.04 23.43 1.01 -121.239 1.006 0.00 34.37 
764 21.512 -1.90 22.31 -0.09 -121.277 1.007 -1.10 33.11 
766 21.563 -1.34 22.89 0.59 -121.368 1.007 -0.42 33.89 
768 21.615 -1.14 23.56 0.94 -121.488 1.008 -0.07 34.28 
769 21.640 -1.85 23.79 0.27 -121.545 1.009 -0.74 33.52 
770 21.666 -1.12 23.52 0.95 -121.596 1.009 -0.06 34.29 
772 21.717 -1.93 23.28 0.08 -121.693 1.010 -0.93 33.30 
776 21.816 -0.86 24.40 1.38 -121.874 1.012 0.37 34.79 
777 21.833 -2.57 22.92 -0.63 -121.906 1.012 -1.64 32.49 
778 21.850 -0.60 23.94 1.55 -121.939 1.012 0.54 34.98 
779 21.867 -1.91 24.00 0.25 -121.976 1.012 -0.76 33.49 
780 21.885 -1.07 23.78 1.05 -122.020 1.013 0.04 34.41 
781 21.903 -1.39 22.70 0.50 -122.062 1.013 -0.51 33.78 
783 21.939 -1.51 23.34 0.52 -122.148 1.014 -0.49 33.80 
784* 21.957 -1.21 22.51 0.65 -122.185 1.014 -0.37 33.94 
793 22.122 -1.03 23.95 1.12 -122.513 1.017 0.11 34.48 
794 22.141 -1.04 22.33 0.78 -122.549 1.017 -0.24 34.09 
800 22.252 -0.61 22.98 1.35 -122.772 1.019 0.33 34.74 
801 22.270 -0.99 24.39 1.26 -122.807 1.019 0.24 34.64 
802 22.288 -1.64 23.80 0.49 -122.842 1.020 -0.53 33.75 
803 22.307 -1.06 23.34 0.97 -122.884 1.020 -0.05 34.31 
804 22.327 -1.34 25.12 1.06 -122.927 1.020 0.04 34.41 
807 22.382 -2.04 24.32 0.20 -123.033 1.021 -0.83 33.42 
807* 22.382 -2.04 23.05 -0.07 -123.033 1.021 -1.09 33.11 
808 22.401 -1.51 24.52 0.76 -123.070 1.021 -0.26 34.07 
809 22.420 -1.24 24.12 0.95 -123.107 1.022 -0.07 34.28 
810 22.440 -1.44 24.24 0.77 -123.153 1.022 -0.25 34.08 
811 22.459 -1.41 24.78 0.92 -123.191 1.022 -0.10 34.25 
812 22.479 -1.20 24.14 0.99 -123.229 1.023 -0.03 34.33 
813 22.498 -0.86 24.47 1.40 -123.267 1.023 0.38 34.80 
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Table D.8 (cont.) 
Depth 
(cm) 
Age 
(ka) 
δ18O 
(‰ PDB) 
SST 
(°C) 
δ18Osw 
(‰ SMOW) 
Sea-level 
(m)$ 
Sea-level δ18O 
(‰ SMOW)^ 
δ18Oivc-sw 
(‰ SMOW) 
Salinity 
(psu) 
814 22.518 -1.38 24.63 0.92 -123.305 1.023 -0.11 34.24 
815 22.538 -0.96 24.47 1.31 -123.342 1.024 0.28 34.69 
815* 22.538 -0.96 23.71 1.15 -123.342 1.024 0.12 34.51 
816 22.557 -0.74 23.98 1.42 -123.384 1.024 0.40 34.82 
818 22.597 -1.76 23.73 0.35 -123.466 1.025 -0.68 33.59 
819 22.617 -1.07 23.45 0.98 -123.505 1.025 -0.05 34.31 
820 22.636 -1.31 23.84 0.82 -123.542 1.025 -0.21 34.13 
820 22.636 -1.31 22.74 0.59 -123.542 1.025 -0.44 33.86 
823 22.695 -1.10 24.57 1.19 -123.664 1.026 0.16 34.55 
824 22.714 -1.23 23.51 0.83 -123.702 1.027 -0.19 34.14 
826 22.752 -1.18 22.17 0.61 -123.774 1.027 -0.42 33.88 
827 22.768 -0.97 22.81 0.94 -123.805 1.028 -0.08 34.27 
829 22.800 -0.86 23.45 1.19 -123.866 1.028 0.16 34.55 
830 22.816 -0.95 22.10 0.82 -123.898 1.028 -0.21 34.12 
830* 22.816 -0.95 22.20 0.84 -123.898 1.028 -0.19 34.15 
831 22.832 -1.11 23.14 0.87 -123.936 1.029 -0.15 34.19 
832 22.848 -1.85 23.41 0.19 -123.969 1.029 -0.84 33.40 
833 22.864 -0.71 23.45 1.34 -124.000 1.029 0.31 34.72 
834 22.881 -0.75 23.18 1.25 -124.032 1.029 0.22 34.62 
835 22.897 -1.82 24.12 0.37 -124.062 1.030 -0.66 33.61 
838 22.945 -0.82 24.06 1.36 -124.157 1.031 0.33 34.74 
839 22.962 -1.35 25.07 1.04 -124.197 1.031 0.01 34.37 
840 22.978 -0.84 23.95 1.31 -124.229 1.031 0.28 34.69 
840* 22.978 -0.84 23.66 1.25 -124.229 1.031 0.22 34.62 
845 23.058 -0.34 24.75 1.99 -124.384 1.032 0.95 35.46 
846 23.075 -0.81 24.67 1.49 -124.419 1.033 0.46 34.89 
846* 23.075 -0.81 23.54 1.26 -124.419 1.033 0.22 34.62 
853 23.184 -1.01 24.01 1.15 -124.635 1.034 0.12 34.50 
854 23.199 -0.53 23.12 1.45 -124.666 1.035 0.42 34.84 
855 23.213 -1.12 24.22 1.09 -124.700 1.035 0.05 34.43 
856 23.228 -2.16 23.33 -0.13 -124.730 1.035 -1.16 33.03 
857 23.242 -2.26 23.71 -0.15 -124.758 1.035 -1.19 33.00 
858 23.257 -0.61 23.51 1.45 -124.786 1.036 0.41 34.84 
859 23.271 -0.86 23.35 1.17 -124.813 1.036 0.14 34.52 
859* 23.271 -0.86 22.90 1.08 -124.813 1.036 0.04 34.41 
860 23.286 -1.01 23.90 1.14 -124.841 1.036 0.10 34.48 
864 23.344 -0.21 24.17 2.00 -124.957 1.037 0.96 35.46 
871 23.446 -1.32 23.45 0.73 -125.160 1.039 -0.31 34.01 
871* 23.446 -1.32 22.55 0.54 -125.160 1.039 -0.50 33.80 
872 23.465 -1.08 22.84 0.84 -125.197 1.039 -0.20 34.14 
873 23.482 -1.68 22.20 0.11 -125.237 1.039 -0.93 33.30 
878 23.570 -1.35 22.49 0.50 -125.408 1.041 -0.54 33.74 
878* 23.570 -1.35 20.86 0.16 -125.408 1.041 -0.88 33.35 
880 23.606 -1.37 21.86 0.35 -125.485 1.042 -0.69 33.58 
881 23.624 -1.95 22.18 -0.16 -125.520 1.042 -1.20 32.99 
883 23.660 -1.95 22.88 -0.02 -125.591 1.042 -1.06 33.15 
886 23.714 -2.28 23.13 -0.29 -125.695 1.043 -1.33 32.84 
888 23.750 -1.68 21.74 0.02 -125.774 1.044 -1.03 33.19 
892 23.822 -1.15 22.95 0.79 -125.911 1.045 -0.25 34.07 
892* 23.822 -1.15 21.92 0.58 -125.911 1.045 -0.47 33.83 
893 23.840 -1.01 24.80 1.32 -125.946 1.045 0.28 34.68 
894 23.858 -1.34 24.77 0.99 -125.983 1.046 -0.06 34.30 
895 23.876 -1.64 24.37 0.60 -126.025 1.046 -0.44 33.86 
896 23.894 -1.72 24.67 0.59 -126.060 1.046 -0.46 33.84 
898 23.930 -1.02 23.73 1.09 -126.129 1.047 0.04 34.41 
901 23.983 -1.29 25.23 1.13 -126.233 1.048 0.09 34.46 
903 24.019 -0.60 24.58 1.68 -126.311 1.048 0.63 35.09 
904 24.039 -1.35 24.71 0.96 -126.349 1.049 -0.09 34.26 
905 24.058 -1.31 24.54 0.97 -126.386 1.049 -0.08 34.27 
905* 24.058 -1.31 24.51 0.97 -126.386 1.049 -0.08 34.27 
906 24.077 -1.03 24.26 1.20 -126.423 1.049 0.15 34.53 
* Indicates samples cleaned using the reductive technique with hydrazine.                           $ Sea-level data from Stanford et al. (2011). 
^ Sea-level δ18O is the isotopic effect of sea-level change due to the accumulation of 16O in continental ice sheets (Schrag et al., 2002).
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Table D.9 Calculation of f, Ba/Ca-salinity, and the δ18Ofw, using four different Mississippi River tributary [Ba2+], based on G. ruber 
(white) foraminifers. 
 
Depth 
(cm) 
Age 
(ka) 
f (%) Ba/Ca-salinity (psu) δ18Ofw (‰ SMOW) 
[Ba]=380 [Ba]=639 [Ba]=948 [Ba]=1200 [Ba]=2000 [Ba]=380 [Ba]=639 [Ba]=948 [Ba]=1200 [Ba]=2000 [Ba]=380 [Ba]=639 [Ba]=948 [Ba]=1200 [Ba]=2000 
200.5 7.493 6.40 3.86 2.63 2.08 1.26 33.23 34.13 34.57 34.76 35.05 2.09 2.81 3.66 4.36 6.57 
214# 8.013 -4.46 -2.58 -1.72 -1.35 -0.81 37.08 36.42 36.11 35.98 35.79 8.75 14.37 21.06 26.51 43.83 
227.5 8.427 -2.90 -1.69 -1.13 -0.89 -0.53 36.53 36.10 35.90 35.82 35.69 32.35 54.77 81.46 103.23 172.34 
239.5 8.708 -1.38 -0.81 -0.54 -0.43 -0.25 35.99 35.79 35.69 35.65 35.59 10.37 16.98 24.85 31.26 51.63 
255.5 9.081 -1.21 -0.71 -0.48 -0.38 -0.22 35.93 35.75 35.67 35.63 35.58 13.60 22.48 33.04 41.66 69.02 
270.5 9.496 -5.00 -2.89 -1.93 -1.51 -0.90 37.27 36.53 36.18 36.04 35.82 1.91 2.57 3.36 4.00 6.04 
280.5 9.818 -1.17 -0.69 -0.46 -0.36 -0.22 35.92 35.74 35.66 35.63 35.58 13.75 22.72 33.40 42.11 69.77 
290.5 10.150 -2.44 -1.42 -0.95 -0.75 -0.45 36.36 36.01 35.84 35.77 35.66 9.82 16.10 23.58 29.68 49.04 
314.5* 10.855 -4.35 -2.52 -1.68 -1.32 -0.79 37.04 36.40 36.10 35.97 35.78 
     469 14.710 24.42 15.85 11.18 9.01 5.58 26.83 29.87 31.53 32.30 33.52 -4.71 -7.80 -11.48 -14.48 -24.00 
479 14.938 23.12 14.93 10.50 8.45 5.22 27.29 30.20 31.77 32.50 33.65 -2.05 -3.72 -5.72 -7.34 -12.51 
489* 15.142 10.85 6.67 4.57 3.64 2.21 31.65 33.13 33.88 34.21 34.72 
     504* 15.480 17.44 11.00 7.64 6.12 3.75 29.31 31.59 32.79 33.33 34.17 
     510 15.661 23.68 15.32 10.79 8.69 5.38 27.09 30.06 31.67 32.41 33.59 2.38 3.13 4.02 4.75 7.07 
520 15.941 28.73 18.99 13.52 10.95 6.83 25.30 28.76 30.70 31.61 33.07 -2.82 -4.78 -7.11 -9.02 -15.06 
554 16.685 20.00 12.75 8.90 7.15 4.39 28.40 30.97 32.34 32.96 33.94 -4.26 -7.25 -10.82 -13.72 -22.95 
628 18.412 3.32 1.98 1.34 1.06 0.64 34.32 34.80 35.02 35.12 35.27 7.36 11.66 16.78 20.95 34.20 
638 18.586 2.54 1.51 1.02 0.81 0.48 34.60 34.96 35.14 35.21 35.33 11.04 17.88 26.01 32.65 53.71 
649 18.777 7.19 4.35 2.96 2.35 1.42 32.95 33.95 34.45 34.67 35.00 1.24 1.39 1.58 1.73 2.21 
660 18.968 14.96 9.35 6.46 5.16 3.15 30.19 32.18 33.21 33.67 34.38 -5.20 -8.92 -13.36 -16.98 -28.46 
680 19.307 8.57 5.22 3.56 2.83 1.71 32.46 33.65 34.24 34.50 34.89 -12.30 -20.83 -30.99 -39.28 -65.58 
693 19.502 17.35 10.94 7.60 6.08 3.72 29.34 31.62 32.80 33.34 34.18 -1.10 -2.33 -3.80 -5.00 -8.80 
705 19.790 18.12 11.46 7.97 6.39 3.91 29.07 31.43 32.67 33.23 34.11 -5.45 -9.19 -13.65 -17.28 -28.83 
710* 19.979 15.10 9.43 6.52 5.21 3.18 30.14 32.15 33.18 33.65 34.37 
     720 20.347 7.22 4.38 2.98 2.36 1.43 32.94 33.95 34.44 34.66 34.99 -4.09 -7.41 -11.35 -14.57 -24.78 
731 20.671 11.03 6.78 4.65 3.70 2.25 31.58 33.09 33.85 34.19 34.70 -1.30 -2.75 -4.46 -5.87 -10.31 
740 20.898 18.11 11.45 7.97 6.38 3.91 29.07 31.43 32.67 33.23 34.11 -2.82 -5.04 -7.69 -9.84 -16.69 
749 21.128 15.49 9.69 6.71 5.36 3.27 30.00 32.06 33.12 33.60 34.34 -0.79 -1.85 -3.12 -4.16 -7.45 
760* 21.409 17.28 10.89 7.56 6.05 3.71 29.37 31.63 32.81 33.35 34.18 
     772 21.717 29.68 19.69 14.06 11.40 7.12 24.96 28.51 30.51 31.45 32.97 -2.73 -4.62 -6.87 -8.70 -14.53 
779 21.867 25.10 16.34 11.54 9.31 5.77 26.59 29.70 31.40 32.19 33.45 -3.06 -5.24 -7.84 -9.95 -16.67 
807 22.382 21.40 13.72 9.61 7.72 4.76 27.90 30.63 32.09 32.76 33.81 -4.64 -7.80 -11.56 -14.63 -24.37 
820 22.636 20.40 13.03 9.11 7.31 4.50 28.26 30.88 32.27 32.90 33.90 -3.34 -5.80 -8.72 -11.11 -18.69 
846 23.075 14.77 9.22 6.37 5.09 3.10 30.26 32.23 33.24 33.69 34.40 -1.55 -3.08 -4.91 -6.40 -11.14 
853 23.184 13.23 8.21 5.65 4.51 2.74 30.80 32.59 33.49 33.90 34.53 -2.41 -4.50 -6.99 -9.01 -15.45 
859* 23.271 11.11 6.83 4.68 3.73 2.26 31.56 33.07 33.84 34.18 34.70 
     881 23.624 11.01 6.77 4.64 3.70 2.24 31.59 33.10 33.85 34.19 34.70 -10.16 -17.15 -25.47 -32.26 -53.81 
# Data not used δ18Ofw value is skewed due to very low δ18Oivc-sw measurement. 
* No δ18Ofw value calculated. 
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Table D.10 Calculation of f, Ba/Ca-salinity, and the δ18Ofw, using four different Mississippi River tributary [Ba2+], based on G. ruber 
(pink) foraminifers. 
 
Depth 
(cm) 
Age 
(ka) 
f (%) Ba/Ca-salinity (psu) δ18Ofw (‰ SMOW) 
[Ba]=380 [Ba]=639 [Ba]=948 [Ba]=1200 [Ba]=2000 [Ba]=380 [Ba]=639 [Ba]=948 [Ba]=1200 [Ba]=2000 [Ba]=380 [Ba]=639 [Ba]=948 [Ba]=1200 [Ba]=2000 
15* 0.873 -4.28 -2.48 -1.65 -1.30 -0.77 37.02 36.38 36.09 35.96 35.78      
30* 1.075 -2.23 -1.30 -0.87 -0.69 -0.41 36.29 35.96 35.81 35.74 35.65      45* 1.256 -6.43 -3.70 -2.46 -1.93 -1.15 37.78 36.81 36.37 36.19 35.91      
46* 1.266 -5.73 -3.31 -2.20 -1.73 -1.03 37.54 36.67 36.28 36.11 35.86      58.5* 1.386 -4.37 -2.53 -1.69 -1.33 -0.79 37.05 36.40 36.10 35.97 35.78      74.5* 1.578 -5.90 -3.40 -2.26 -1.78 -1.06 37.59 36.71 36.30 36.13 35.88      89.5* 1.792 -4.35 -2.52 -1.68 -1.32 -0.79 37.04 36.40 36.10 35.97 35.78      90* 1.800 -4.79 -2.77 -1.85 -1.45 -0.86 37.20 36.48 36.16 36.02 35.81      
100* 1.960 -7.50 -4.30 -2.85 -2.24 -1.33 38.16 37.03 36.51 36.29 35.97      114* 2.136 -6.66 -3.83 -2.54 -2.00 -1.19 37.87 36.86 36.40 36.21 35.92      129.5* 2.307 -3.66 -2.13 -1.42 -1.12 -0.67 36.80 36.26 36.00 35.90 35.74      146* 2.481 -5.19 -3.00 -2.00 -1.57 -0.93 37.34 36.57 36.21 36.06 35.83      200* 7.470 -1.38 -0.81 -0.54 -0.43 -0.26 35.99 35.79 35.69 35.65 35.59      
214* 8.013 -0.93 -0.55 -0.37 -0.29 -0.17 35.83 35.69 35.63 35.60 35.56      227.5* 8.427 8.33 5.07 3.46 2.75 1.66 32.54 33.70 34.27 34.52 34.91      
240* 8.719 -2.15 -1.26 -0.84 -0.66 -0.40 36.26 35.95 35.80 35.74 35.64      255.5* 9.081 2.81 1.67 1.13 0.89 0.54 34.50 34.91 35.10 35.18 35.31      270.5* 9.496 -0.90 -0.53 -0.36 -0.28 -0.17 35.82 35.69 35.63 35.60 35.56      280* 9.802 10.93 6.72 4.61 3.67 2.22 31.62 33.12 33.87 34.20 34.71      290.5* 10.150 1.14 0.68 0.46 0.36 0.22 35.09 35.26 35.34 35.37 35.42      
311 10.763 5.22 3.14 2.13 1.68 1.01 33.65 34.39 34.75 34.90 35.14 0.81 0.69 0.54 0.42 0.04 
322 11.045 0.94 0.56 0.38 0.30 0.18 35.17 35.30 35.37 35.39 35.44 -29.11 -49.89 -74.65 -94.83 -158.91 
328.5 11.199 0.85 0.50 0.34 0.27 0.16 35.20 35.32 35.38 35.41 35.44 -90.75 -154.16 -229.66 -291.23 -486.70 
336 11.497 3.11 1.85 1.25 0.99 0.60 34.40 34.84 35.06 35.15 35.29 -29.28 -49.77 -74.17 -94.07 -157.24 
340.5 11.669 6.95 4.21 2.86 2.27 1.37 33.03 34.01 34.48 34.69 35.01 -8.86 -15.28 -22.94 -29.18 -49.00 
343.5# 11.781 -0.37 -0.22 -0.15 -0.12 -0.07 35.63 35.58 35.55 35.54 35.52 332.97 564.97 841.22 1066.52 1781.73 
345.5 11.865 3.12 1.86 1.26 0.99 0.60 34.39 34.84 35.05 35.15 35.29 -7.55 -13.34 -20.23 -25.85 -43.70 
348.5 11.988 7.15 4.33 2.95 2.34 1.41 32.96 33.96 34.45 34.67 35.00 -6.93 -12.08 -18.23 -23.23 -39.14 
351.5 12.080 4.62 2.77 1.88 1.49 0.89 33.86 34.52 34.83 34.97 35.18 -3.32 -6.20 -9.64 -12.44 -21.32 
353 12.128 7.12 4.31 2.93 2.33 1.41 32.97 33.97 34.46 34.67 35.00 -2.44 -4.68 -7.34 -9.52 -16.42 
355 12.193 29.61 19.64 14.02 11.37 7.10 24.99 28.53 30.52 31.46 32.98 -0.33 -1.00 -1.81 -2.46 -4.54 
358.5 12.292 6.08 3.67 2.49 1.97 1.19 33.34 34.20 34.62 34.80 35.08 -3.99 -7.27 -11.18 -14.36 -24.48 
359 12.304 5.77 3.48 2.36 1.87 1.13 33.45 34.27 34.66 34.84 35.10 -3.57 -6.58 -10.17 -13.10 -22.39 
368.5 12.514 8.03 4.88 3.33 2.64 1.60 32.65 33.77 34.32 34.56 34.93 -14.92 -25.19 -37.41 -47.39 -79.05 
370 12.541 8.89 5.42 3.70 2.94 1.78 32.34 33.57 34.19 34.46 34.87 -12.21 -20.67 -30.73 -38.94 -65.00 
372.5 12.587 7.98 4.85 3.30 2.62 1.59 32.67 33.78 34.33 34.57 34.94 -7.72 -13.35 -20.05 -25.51 -42.86 
375.5 12.643 4.79 2.87 1.95 1.54 0.93 33.80 34.48 34.81 34.95 35.17 -17.19 -29.30 -43.72 -55.48 -92.82 
380.5 12.747 7.28 4.41 3.00 2.38 1.44 32.92 33.93 34.43 34.65 34.99 -13.47 -22.88 -34.09 -43.23 -72.23 
390.5 13.060 12.31 7.61 5.23 4.17 2.53 31.13 32.80 33.64 34.02 34.60 -15.87 -26.29 -38.70 -48.83 -80.96 
394.5 13.206 12.91 8.00 5.50 4.39 2.67 30.92 32.66 33.55 33.94 34.55 -18.23 -30.04 -44.10 -55.57 -91.97 
400 13.370 11.87 7.33 5.03 4.01 2.43 31.29 32.90 33.71 34.08 34.64 -15.38 -25.55 -37.66 -47.54 -78.89 
 191 
Table D.10 (cont.) 
Depth 
(cm) 
Age 
(ka) 
f (%) Ba/Ca-salinity (psu) δ18Ofw (‰ SMOW) 
[Ba]=380 [Ba]=639 [Ba]=948 [Ba]=1200 [Ba]=2000 [Ba]=380 [Ba]=639 [Ba]=948 [Ba]=1200 [Ba]=2000 [Ba]=380 [Ba]=639 [Ba]=948 [Ba]=1200 [Ba]=2000 
412 13.721 16.53 10.39 7.20 5.76 3.52 29.63 31.81 32.94 33.46 34.25 -13.12 -21.47 -31.41 -39.52 -65.26 
412.5 13.739 10.10 6.19 4.24 3.37 2.04 31.91 33.30 34.00 34.30 34.78 -17.01 -28.39 -41.95 -53.00 -88.09 
416* 13.861 11.65 7.18 4.93 3.93 2.38 31.36 32.95 33.75 34.11 34.65      
417* 13.893 11.48 7.07 4.85 3.86 2.35 31.42 32.99 33.78 34.13 34.67      419.5 13.962 18.09 11.44 7.96 6.38 3.91 29.08 31.44 32.67 33.24 34.11 -10.25 -16.79 -24.58 -30.93 -51.09 
422 14.011 16.28 10.22 7.08 5.66 3.46 29.72 31.87 32.99 33.49 34.27 -12.07 -19.81 -29.03 -36.55 -60.42 
426 14.089 22.69 14.62 10.27 8.27 5.10 27.44 30.31 31.85 32.56 33.69 -8.56 -13.84 -20.12 -25.24 -41.51 
434 14.318 33.49 22.58 16.27 13.25 8.34 23.61 27.48 29.72 30.80 32.54 -4.11 -6.57 -9.51 -11.90 -19.51 
457.5 14.447 24.89 16.19 11.43 9.22 5.71 26.66 29.75 31.44 32.23 33.47 -7.91 -12.70 -18.40 -23.05 -37.82 
463 14.573 13.16 8.16 5.62 4.48 2.73 30.83 32.60 33.51 33.91 34.53 -5.88 -10.09 -15.11 -19.20 -32.19 
466 14.642 26.30 17.20 12.18 9.84 6.11 26.16 29.39 31.17 32.01 33.33 -3.79 -6.32 -9.34 -11.79 -19.60 
468 14.688 37.13 25.44 18.50 15.14 9.60 22.32 26.47 28.93 30.13 32.09 -4.44 -6.94 -9.91 -12.34 -20.05 
470 14.733 31.92 21.38 15.35 12.48 7.83 24.17 27.91 30.05 31.07 32.72 -2.00 -3.48 -5.24 -6.68 -11.23 
473 14.802 29.01 19.20 13.68 11.09 6.92 25.20 28.69 30.64 31.56 33.04 -1.30 -2.48 -3.88 -5.02 -8.65 
474 14.824 37.04 25.37 18.45 15.09 9.56 22.35 26.49 28.95 30.14 32.11 -3.09 -4.97 -7.22 -9.05 -14.85 
476 14.870 34.72 23.54 17.02 13.88 8.75 23.17 27.14 29.46 30.57 32.39 -5.52 -8.62 -12.31 -15.32 -24.87 
479 14.938 37.04 25.36 18.44 15.08 9.56 22.35 26.50 28.95 30.15 32.11 -4.99 -7.74 -11.02 -13.70 -22.19 
485 15.074 39.05 26.98 19.72 16.17 10.29 21.64 25.92 28.50 29.76 31.85 -4.10 -6.38 -9.09 -11.31 -18.34 
488 15.125 31.64 21.17 15.19 12.34 7.74 24.27 27.98 30.11 31.12 32.75 -1.58 -2.85 -4.37 -5.61 -9.54 
490 15.159 34.87 23.66 17.10 13.95 8.80 23.12 27.10 29.43 30.55 32.37 -2.05 -3.49 -5.21 -6.62 -11.07 
493 15.210 37.20 25.49 18.55 15.17 9.62 22.29 26.45 28.92 30.11 32.09 -4.68 -7.28 -10.39 -12.92 -20.95 
496 15.269 34.42 23.30 16.83 13.72 8.65 23.28 27.23 29.53 30.63 32.43 -4.30 -6.83 -9.83 -12.29 -20.08 
498 15.320 35.38 24.06 17.42 14.22 8.98 22.94 26.96 29.32 30.45 32.31 -3.72 -5.94 -8.58 -10.74 -17.58 
500 15.373 36.94 25.28 18.38 15.03 9.52 22.39 26.52 28.98 30.16 32.12 -3.18 -5.11 -7.41 -9.28 -15.22 
503 15.453 31.44 21.02 15.07 12.24 7.67 24.34 28.04 30.15 31.15 32.78 -5.35 -8.50 -12.25 -15.30 -25.01 
510 15.661 22.88 14.76 10.37 8.35 5.16 27.38 30.26 31.82 32.54 33.67 -2.68 -4.70 -7.11 -9.08 -15.32 
513 15.753 26.33 17.22 12.20 9.86 6.12 26.15 29.39 31.17 32.00 33.33 -3.24 -5.48 -8.14 -10.32 -17.22 
518 15.890 37.55 25.78 18.77 15.36 9.75 22.17 26.35 28.84 30.05 32.04 -1.78 -3.05 -4.56 -5.79 -9.70 
524 16.043 23.87 15.46 10.89 8.77 5.43 27.03 30.01 31.63 32.39 33.57 -2.16 -3.88 -5.93 -7.60 -12.91 
527 16.105 29.89 19.85 14.18 11.50 7.19 24.89 28.45 30.47 31.42 32.95 -5.00 -8.04 -11.65 -14.60 -23.96 
530 16.160 29.38 19.47 13.89 11.26 7.03 25.07 28.59 30.57 31.50 33.00 -1.83 -3.27 -4.99 -6.38 -10.83 
533 16.216 32.81 22.06 15.87 12.91 8.12 23.85 27.67 29.87 30.92 32.62 -3.34 -5.45 -7.97 -10.02 -16.54 
536 16.277 31.99 21.44 15.39 12.51 7.85 24.14 27.89 30.04 31.06 32.71 -3.16 -5.21 -7.65 -9.64 -15.95 
538 16.326 31.53 21.09 15.12 12.29 7.70 24.31 28.01 30.13 31.14 32.77 -4.09 -6.61 -9.62 -12.07 -19.84 
541 16.402 25.26 16.45 11.63 9.38 5.82 26.53 29.66 31.37 32.17 33.43 -3.14 -5.36 -8.00 -10.15 -16.98 
550 16.604 33.23 22.39 16.12 13.13 8.26 23.70 27.55 29.78 30.84 32.57 -3.16 -5.17 -7.57 -9.53 -15.74 
571 17.068 29.43 19.51 13.92 11.28 7.05 25.05 28.58 30.56 31.50 33.00 -3.14 -5.25 -7.75 -9.80 -16.29 
581 17.317 23.04 14.87 10.45 8.42 5.20 27.32 30.22 31.79 32.51 33.65 -4.45 -7.44 -11.01 -13.91 -23.14 
583 17.369 25.21 16.41 11.60 9.36 5.80 26.55 29.67 31.38 32.18 33.44 -5.61 -9.15 -13.37 -16.81 -27.73 
592 17.600 27.20 17.86 12.68 10.25 6.38 25.84 29.16 31.00 31.86 33.24 -3.09 -5.22 -7.77 -9.84 -16.43 
600 17.815 27.69 18.22 12.95 10.48 6.52 25.67 29.03 30.90 31.78 33.18 -2.91 -4.94 -7.36 -9.34 -15.60 
611 18.104 14.10 8.77 6.05 4.83 2.94 30.50 32.39 33.35 33.78 34.45 -6.22 -10.61 -15.83 -20.08 -33.59 
613 18.147 22.28 14.33 10.06 8.09 4.99 27.59 30.41 31.93 32.63 33.73 -3.37 -5.80 -8.68 -11.04 -18.51 
617 18.222 24.05 15.59 10.98 8.85 5.48 26.96 29.97 31.60 32.36 33.56 -4.77 -7.91 -11.64 -14.68 -24.34 
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Table D.10 (cont.) 
Depth 
(cm) 
Age 
(ka) 
f (%) Ba/Ca-salinity (psu) δ18Ofw (‰ SMOW) 
[Ba]=380 [Ba]=639 [Ba]=948 [Ba]=1200 [Ba]=2000 [Ba]=380 [Ba]=639 [Ba]=948 [Ba]=1200 [Ba]=2000 [Ba]=380 [Ba]=639 [Ba]=948 [Ba]=1200 [Ba]=2000 
620 18.274 22.75 14.67 10.31 8.29 5.12 27.42 30.29 31.84 32.56 33.68 -5.64 -9.30 -13.66 -17.21 -28.49 
625 18.360 25.44 16.58 11.72 9.46 5.87 26.47 29.61 31.34 32.14 33.42 -3.81 -6.38 -9.45 -11.94 -19.87 
638 18.586 26.86 17.61 12.49 10.10 6.28 25.96 29.25 31.07 31.92 33.27 -5.77 -9.32 -13.56 -17.01 -27.97 
650 18.795 29.37 19.46 13.88 11.25 7.03 25.08 28.59 30.57 31.51 33.01 -5.82 -9.30 -13.43 -16.81 -27.52 
654 18.864 33.07 22.26 16.02 13.04 8.20 23.76 27.60 29.81 30.87 32.59 -2.98 -4.91 -7.21 -9.08 -15.03 
663 19.020 23.08 14.90 10.47 8.43 5.21 27.31 30.21 31.78 32.51 33.65 -4.30 -7.22 -10.69 -13.52 -22.50 
678 19.275 32.57 21.88 15.73 12.80 8.04 23.94 27.73 29.92 30.96 32.65 -2.39 -4.05 -6.02 -7.63 -12.74 
690* 19.458 29.73 19.73 14.09 11.42 7.14 24.95 28.50 30.50 31.45 32.97      
705 19.790 36.64 25.05 18.19 14.87 9.42 22.49 26.61 29.04 30.22 32.16 -0.80 -1.63 -2.62 -3.42 -5.98 
710 19.979 28.64 18.92 13.47 10.91 6.80 25.33 28.78 30.72 31.63 33.08 -4.57 -7.43 -10.84 -13.62 -22.45 
720 20.347 24.56 15.95 11.25 9.07 5.62 26.78 29.84 31.51 32.28 33.51 -2.78 -4.82 -7.25 -9.23 -15.52 
735 20.771 33.91 22.91 16.53 13.47 8.48 23.46 27.37 29.63 30.72 32.49 -2.83 -4.67 -6.86 -8.64 -14.31 
740 20.898 33.06 22.25 16.02 13.04 8.20 23.76 27.60 29.81 30.87 32.59 -4.39 -7.00 -10.12 -12.66 -20.72 
750* 21.153 41.00 28.57 21.00 17.26 11.03 20.94 25.36 28.05 29.37 31.58      755 21.281 36.16 24.66 17.89 14.62 9.25 22.66 26.74 29.15 30.31 32.22 -3.06 -4.96 -7.21 -9.05 -14.89 
760* 21.409 29.81 19.79 14.13 11.46 7.16 24.92 28.48 30.48 31.43 32.96      784 21.957 49.42 35.78 26.93 22.41 14.62 17.96 22.80 25.94 27.55 30.31 -1.77 -2.83 -4.09 -5.11 -8.37 
807 22.382 37.36 25.62 18.64 15.26 9.68 22.24 26.40 28.88 30.08 32.07 -4.60 -7.16 -10.21 -12.70 -20.61 
815 22.538 38.48 26.52 19.35 15.86 10.08 21.84 26.09 28.63 29.87 31.92 -1.28 -2.31 -3.54 -4.54 -7.71 
820 22.636 41.11 28.67 21.07 17.33 11.08 20.90 25.32 28.02 29.35 31.57 -2.49 -4.01 -5.82 -7.29 -11.97 
830 22.816 26.51 17.36 12.30 9.94 6.17 26.09 29.34 31.13 31.97 33.31 -3.48 -5.85 -8.67 -10.96 -18.26 
840 22.978 25.10 16.33 11.54 9.31 5.77 26.59 29.70 31.40 32.20 33.45 -2.11 -3.77 -5.76 -7.37 -12.51 
846 23.075 36.16 24.67 17.89 14.62 9.25 22.66 26.74 29.15 30.31 32.22 -1.15 -2.15 -3.34 -4.32 -7.40 
859 23.271 37.58 25.79 18.78 15.37 9.75 22.16 26.34 28.83 30.04 32.04 -1.55 -2.72 -4.11 -5.24 -8.83 
871 23.446 32.91 22.14 15.93 12.97 8.15 23.82 27.64 29.84 30.90 32.61 -3.56 -5.77 -8.41 -10.56 -17.40 
878 23.570 49.11 35.51 26.70 22.21 14.47 18.07 22.90 26.02 27.62 30.36 -2.84 -4.31 -6.06 -7.49 -12.02 
892 23.822 35.95 24.51 17.77 14.51 9.18 22.74 26.80 29.19 30.35 32.24 -3.07 -4.97 -7.23 -9.08 -14.93 
905 24.058 30.97 20.66 14.80 12.02 7.53 24.50 28.16 30.25 31.23 32.83 -2.49 -4.23 -6.30 -8.00 -13.36 
# Data not used δ18Ofw value is skewed due to very low δ18Oivc-sw measurement. 
* No δ18Ofw value calculated. 
(Anand et al., 2003; LoDico et al., 2006; Meckler et al., 2008; Hönisch et al., 2011; Stanford et al., 2011) 
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Table D.11 Redox sensitive metal bulk sediment and carbonate-corrected data from core MD02-
2550.  
 
Depth 
(cm) 
Age 
(ka)# 
Wt % 
CaCO3* 
Manganese (Mn) Uranium (U) Rhenium (Re) Molybdenum (Mo) 
[Tb]Bulk 
(ppm) 
[Mn]Bulk 
(ppm) 
[Mn]CF 
(ppm)+ 
[U]Bulk 
(ppm) 
[U]CF 
(ppm)+ 
[Re]Bulk 
(ppb) 
[Re]CF 
(ppb)+ 
[Mo]Bulk 
(ppm) 
[Mo]CF 
(ppm)+ 
42 1.227  530  1.51  1.36  1.45  14.96 
200 7.470 13.5 435 503 2.39 2.77 2.42 2.80 1.74 2.02 14.46 
220 8.198 13.3 413 476 2.36 2.72 2.49 2.87 1.95 2.24 14.54 
240 8.719 13.6 418 483 3.02 3.49 4.01 4.64 5.52 6.39 14.10 
260 9.209 15.0 449 529 3.69 4.34 10.43 12.27 10.44 12.28 14.70 
300 10.439 15.2 415 490 3.27 3.85 3.86 4.55 1.57 1.85 14.60 
310 10.737 10.9 280 314 2.76 3.10 4.44 4.98 0.76 0.85 14.20 
322 11.045 13.3 429 495 2.79 3.22 3.49 4.02 0.69 0.79 14.24 
330 11.240 12.9 381 437 2.94 3.37 3.05 3.50 1.32 1.51 14.57 
340 11.652 11.8 466 529 2.23 2.53 2.62 2.97 0.70 0.80 20.67 
350 12.033 13.2 521 601 2.35 2.71 4.87 5.62 0.64 0.74 14.17 
360 12.327 12.7 614 704 2.30 2.64 3.33 3.81 0.67 0.77 14.27 
362 12.373 13.5 585 677 2.39 2.76 5.80 6.71 0.58 0.67 14.54 
364 12.419 12.5 622 710 2.44 2.79 3.63 4.14 0.63 0.72 14.79 
366 12.464 12.6 594 680 2.44 2.79 2.11 2.41 0.57 0.66 14.20 
368 12.505 13.6 479 554 1.17 1.35 1.16 1.35 0.29 0.34 15.07 
370 12.541 13.8 751 871 2.20 2.55 1.68 1.94 0.53 0.62 13.98 
372 12.578 14.5 756 884 2.09 2.44 1.51 1.77 0.47 0.55 14.14 
374 12.615 15.3 733 866 2.04 2.40 1.53 1.80 0.49 0.58 13.88 
376 12.652 15.0 893 1050 1.96 2.31 1.42 1.67 0.43 0.51 14.41 
380 12.735 12.7 1820 2090 1.99 2.28 2.47 2.83 0.73 0.84 15.77 
382 12.784 12.4 2000 2290 2.24 2.56 1.54 1.76 0.49 0.55 14.20 
384 12.832 10.8 3410 3830 2.07 2.32 2.02 2.27 1.42 1.59 14.52 
386 12.878 11.2 1220 1370 2.33 2.62 2.53 2.85 0.57 0.65 13.99 
388 12.956 10.4 1570 1750 2.55 2.85 3.56 3.97 0.70 0.79 13.98 
390 13.044 10.7 3760 4210 1.26 1.41 3.80 4.25 0.40 0.45 7.70 
392 13.112 16.2 3880 4630 3.14 3.74 9.91 11.82 3.44 4.11 14.13 
394 13.185 9.68 963 1070 3.35 3.71 11.59 12.83 9.63 10.66 15.05 
396 13.259 12.9 939 1080 4.02 4.61 14.16 16.25 10.45 12.00 14.11 
398 13.321 11.2 835 940 3.66 4.12 9.62 10.83 12.15 13.69 14.19 
400 13.370 9.84 764 848 3.60 3.99 9.16 10.16 11.70 12.97 14.97 
402 13.422 10.3 683 761 3.53 3.93 9.89 11.02 13.83 15.42 14.55 
404 13.474 8.57 642 702 3.59 3.93 7.69 8.41 13.20 14.44 13.83 
406 13.525 7.26 561 605 3.12 3.36 6.29 6.78 13.40 14.45 14.71 
408 13.585 8.63 515 563 3.01 3.30 5.37 5.87 16.66 18.23 14.48 
410 13.652 9.01 464 510 3.83 4.21 11.12 12.22 22.39 24.60 9.76 
414 13.792 11.2 602 677 4.33 4.87 14.93 16.81 24.55 27.64 14.50 
430 14.192 7.85 483 524 3.31 3.59 5.75 6.23 6.32 6.86 14.32 
434 14.318 10.3 611 681 3.54 3.95 10.25 11.43 7.60 8.47 14.42 
436 14.379 9.51 560 619 2.61 2.88 8.45 9.33 6.05 6.68 14.88 
440 14.412# 9.36 538 594 3.27 3.61 8.49 9.37 6.03 6.65 14.37 
442 14.412# 7.46 487 526 2.76 2.98 7.79 8.42 1.89 2.04 14.35 
444 14.412# 6.27 451 482 2.45 2.61 6.90 7.36 3.67 3.92 14.22 
446 14.412# 6.41 447 478 2.47 2.64 6.62 7.07 5.44 5.81 14.21 
452 14.412# 6.62 408 437 1.99 2.13 5.53 5.92 1.64 1.76 14.25 
454 14.412# 6.40 393 419 2.33 2.49 6.13 6.55 3.54 3.78 13.93 
456 14.412# 8.04 477 519 2.76 3.01 6.65 7.24 4.15 4.52 14.45 
458 14.459 10.4 413 461 2.80 3.12 5.72 6.39 9.78 10.91 14.42 
462 14.551 7.67 448 485 3.63 3.93 8.80 9.54 12.55 13.59 14.03 
472 14.779 9.88 487 540 3.25 3.61 9.18 10.19 8.94 9.92 14.19 
480 14.960 10.5 436 487 3.14 3.51 8.21 9.18 10.13 11.32 12.21 
486 15.091 11.8 626 709 3.19 3.62 8.45 9.58 3.57 4.05 14.30 
540 16.377 12.7 729 836 2.66 3.05 8.83 10.12 2.95 3.38 14.82 
542 16.428 12.5 1160 1330 3.06 3.50 8.58 9.80 2.28 2.60 14.41 
546 16.525 11.9 1120 1270 3.19 3.62 8.54 9.69 1.74 1.98 14.56 
550 16.604 12.4 754 860 3.36 3.84 10.67 12.18 8.15 9.30 14.04 
554 16.685 13.1 662 762 2.85 3.28 7.79 8.96 10.49 12.07 14.39 
558 16.773 12.6 808 924 2.96 3.38 12.88 14.74 5.21 5.96 20.55 
562 16.861 9.82 990 1100 2.75 3.05 7.90 8.76 3.03 3.36 14.56 
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Table D.11 (cont.) 
Depth 
(cm) 
Age 
(ka)# 
Wt % 
CaCO3* 
Manganese (Mn) Uranium (U) Rhenium (Re) Molybdenum (Mo) 
[Tb]Bulk 
(ppm) 
[Mn]Bulk 
(ppm) 
[Mn]CF 
(ppm)+ 
[U]Bulk 
(ppm) 
[U]CF 
(ppm)+ 
[Re]Bulk 
(ppb) 
[Re]CF 
(ppb)+ 
[Mo]Bulk 
(ppm) 
[Mo]CF 
(ppm)+ 
568 16.998 12.2 786 895 2.53 2.89 2.25 2.56 1.26 1.44 13.87 
580 17.291 11.7 688 780 2.21 2.51 1.17 1.33 0.70 0.79 14.49 
590 17.549 12.3 664 757 2.32 2.64 1.63 1.85 0.63 0.72 13.72 
600 17.815 9.30 592 653 2.21 2.44 1.22 1.35 0.57 0.63 14.87 
610 18.077 6.66 481 515 1.84 1.98 2.62 2.81 0.58 0.62 14.41 
620 18.274 9.02 632 695 2.88 3.16 6.87 7.55 0.90 0.98 14.25 
630 18.447 8.99 593 651 2.42 2.66 1.86 2.04 0.74 0.82 14.39 
640 18.621 9.59 482 533 2.67 2.96 2.64 2.91 0.76 0.84 13.73 
650 18.795 10.0 532 591 2.84 3.16 3.14 3.49 1.09 1.22 9.72 
660 18.968 11.2 480 540 2.53 2.85 2.01 2.27 0.64 0.72 13.93 
670 19.140 22.3 830 1070 2.81 3.61 2.33 3.00 1.16 1.50 13.79 
680 19.307 17.8 912 1110 2.57 3.13 2.04 2.48 0.89 1.08 13.90 
690 19.458 11.2 597 673 2.59 2.92 3.02 3.40 0.80 0.90 13.93 
700 19.600 10.6 1020 1150 2.80 3.14 2.13 2.39 1.04 1.16 14.37 
710 19.979 10.1 612 681 2.91 3.23 2.21 2.46 1.31 1.45 14.00 
720 20.347 10.7 403 452 2.98 3.34 3.76 4.21 1.23 1.38 9.59 
730 20.646 10.3 305 340 2.20 2.45 2.70 3.01 0.80 0.89 9.35 
740 20.898 11.3 803 905 2.94 3.31 5.69 6.42 1.42 1.60 14.55 
750 21.153 11.7 1040 1180 3.13 3.55 6.19 7.01 1.32 1.50 14.16 
760 21.409 11.9 1140 1300 3.11 3.53 8.08 9.17 1.69 1.91 14.39 
770 21.666 11.7 1030 1160 2.39 2.70 4.47 5.06 0.79 0.89 14.01 
780 21.885 12.3 1030 1170 2.76 3.15 9.30 10.61 1.26 1.43 13.93 
800 22.252 11.8 1260 1430 2.68 3.04 7.47 8.46 1.23 1.39 14.24 
810 22.440 9.70 1020 1120 2.76 3.06 6.38 7.06 1.26 1.39 13.43 
820 22.636 10.7 855 958 2.85 3.19 2.55 2.86 1.12 1.26 14.62 
830 22.816 12.0 1650 1880 3.02 3.43 5.01 5.69 1.16 1.32 15.83 
840 22.978 13.5 1890 2190 3.27 3.78 6.62 7.65 1.72 1.99 14.04 
850 23.138 8.56 1100 1200 2.71 2.96 5.72 6.26 10.19 11.15 13.88 
852 23.170  1010  2.78  6.15  16.53  13.50 
854 23.199  1420  2.94  4.06  1.41  14.53 
856 23.228  1580  2.71  4.12  4.15  14.13 
858 23.257  1370  3.00  3.98  3.55  13.99 
860 23.286 11.3 1540 1740 2.98 3.36 4.97 5.60 3.15 3.55 21.72 
862 23.315  1740  2.72  4.50  1.25  13.87 
864 23.344  1410  2.40  3.22  0.98  13.89 
880 23.606 11.2 947 1070 3.14 3.53 2.60 2.93 3.45 3.88 14.45 
890 23.786 10.9 810 909 2.68 3.00 2.98 3.34 1.06 1.19 13.87 
894 23.858  790  3.32  3.76  25.86  14.22 
896 23.894  693  3.32  4.35  14.77  14.88 
898 23.930  575  3.20  4.28  12.96  14.54 
900 23.966 14.5 541 633 3.13 3.67 3.32 3.89 5.32 6.22 14.40 
902 24.001  540  3.36  2.81  4.20  14.51 
# AMS 14C dates and age model are reported in Chapter 2 and Appendix C. All dates in the 19-cm homogenous layer (456-437 cm) are assigned 
the age of 14.412 ka and indicated with a “ # ”.  
* Reported in Meckler et al. (2008). 
+ Calculated using the following equation: [Metal]CF = ([Metal]Bulk x 100)/(100 wt %CaCO3). [Metal]CF data are lower resolution (n=90) than 
[Metal]Bulk due to the availability of wt %CaCO3 data. 
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